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CHAPTER T
GENERAL TNFORMATION
Introduetion

Tt is felt by wany research workers in poultry matrition that the
best way to express natrient requirement standards for poultry is en a
daily matrient intake basis, In order for a daily nutrient intake
standard to be of any value, a method must be developed by which the
intake of feed and nutrients can be controlled. In larger animals svch
ag dairy cattle, feed intake ¢an be controlled by weighing cut é
gpecific smount of feed for each cow every day. By dolng this each
animal can receive the exact amount of mutrients prescribed by the
standard. This type of individual f@edimg works very well for dairy
cattle; hewever, for p@ulﬁry the equipment and labor that would be
required for a feeding system of this type would make the cost probib.
itive. Therefore, poultry must be fed on an ad libitum basis.

The obvicous questions whieh must be answered in order to sstablish
agearately and to utilize fully the daily natrient intake standards for
poultry are: (1) can feed and nﬁtfient intake be regulated with ad
libitum feeding, and if so {2) what factors are involved and to what
extent do they affect feed intake and production responses; (3) how can
the knowledge of these regulating factors bs used to control mutrient

intake amd production responses; and (&) what is the direct effect of

[N
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nutrient intake upon the productive performance of the birdst The First
question was answered by Gleaves et al., 1963a, when dletary volume for
laying hens was controlled in order to regulate the intake of diels with
various matrient concentrations. This werk clearly established the fact
that feed intake can be controlled, and that there are four primary
dietary factors involved in regulating feed intake. These facters ars
dietary protein; dietary energy, distary weight and dietary volume., In
a review by Anand, 1961, evidence was cited which establishes these four
dietary factors as definite physiological fuod intake regulators.

Tt was further established by Glsaves, 1965, that there are many
interactions among the dietary factors in thelr effects upon feed and
natrient intake in laying hens. The interaction effects appeared to be
decreased in intensity among hens that were laying at approximately the
same rate of production. This establishes the fact that production
characteristics constitute additional factors which influence feed
jntake. In the same report, Gleaves pointed oul some of the effects of
the dietary factors upon the production responses.

To the author’s knowledge there has been ne report involving the

y problems in qusstions 3 and &. For this reason the purpose of this

y thesis is to attask the problems which are lnvelved with these two

(questions. The specific ocbjectives are as follows: (1) te develsp

prediction equations for protein intake, energy intake, body weight
change, number of eggs and average egg weight of laying hens with
dietary protein, dietary energy, distary weight and dietary volume as
the independent varisbles, {2) to study the effect of egg production and
b@dy,wéighﬁ change upén the intszke of protein and energy, (3) to study

the effects of protein and energy intake upon egg production, body
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weight change and epg welight, and (4) to describe conditions under which
a maltiple response anaslysis can be performed, and to perform muliiple

regponse analyses whers the necessary conditions are satisfied.
Data

4 3% factorial arrangement of dletary protein, energy, waight and
volume was used to formulate 81 rations which were fed to laying hens.
In order to give a clear perspective of the factorial arrangement of the
treatments, Table I is pressnted with the actual levels of each factor
and coded numbers representing each velue. There were ssven replications
of sach treatment and the replicates were completely randomiszed. 7The
hens were housed in individugl cages with individusl fesed and water.
Therefore, each hen was an experimentsl unit. The hens were allowed to
consume feed and water ad libitum. The duration of the ewperiment was
eight four-week perinds.

At the end of each four-week period the hens were welghad, feed
consuwmption ealenlated, and the number of eggs and average egg welghts
recorded., The data for each pericd were summarized, and at the end of

* the elght four-week periods the data for the last seven periods wers
renmnlated to give one overall summary. This overall summary provides
¢the data for this report. The specific dats used are averags dally
wprotein consumptlon, aversge dally enerzy consumption, mumber of eggs
xlaid, average sgg welght and average body weight change, These data
rare presented in the Appendix,

The data were obtained from the same experiment as that which was
described by Gleaves, 1965, Therefore, the snalyses and results of this

dissertation are tled directly to that study. In order to prevent
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*The four numbers in the square are the coded representation of the
dietary level combination of protein, energy, weight and volume, The upper
two numbers represent protein and energy, respectively and the lower two
numbers represent weight and volume, respectively.



duplication of material, there are many places throughout the pressnt
study where the reader is referred to Gleaves. For this reason, to be

familiar with the former study of the experiment will greatly enbance

+ the understandablility of this thesis. Hereafter, unless otherwise

« stated, when reference is made to Gleaves, it will mean Gleaves, 1965.
In the report by Gleaves, analyses of variance were performed on
the following responses; feed weight intake, protein intake, energy
intake, feed volume intake, egg production, body welght change, and
egg welght. The main effects and interactions of the four dietary
factors upon these responses were pointed ocut and discussed in detail.
The effects of egg production upon the intake of dietary factors were
given special attention., Due to tbe type of analyses, the resulis were
mostly qualitative in nature, Thaﬁ-issJ estimates for future responses
would need to be based largely upon judgment rather tham upon mathematical
procedures. The purpose of all eof the analyses in this thesis is to

obtain mathematiecal functioms to estimate future responses.



CHAPTER II

PREDICTION OF NUTRIENT INTAKE AND PRODUCTION RESPONSES

BASED UPON DIETARY FACTORS

In cases where moderate environmental conditions can be maintained,
it should be possible to predict the nutrient intake of laying hens
based strictly uwpon dietary factors. Therefore, in fhis study equations
were developed to predict protein and energy intakes, body weight change,
egg production and egg weight. The general procedure for obtaining these
prediction equations 1s as follows:

(1) There are Bl possible dietary effects which could go into each

of these equations. Therefore, with each response it is
necessary to select only the effects which appear to have a
significant influence. This was done by an analysis of
variance in which the sums of squares were partitioned for
single degrees of freedom by orthogonal comparisons. In the
work by Gleaves, the analyses of variance for the same
 responses were presented but the sums of squares were not
completely partitioned.

(2) From this analysis of variance, the effects which appeared to
have some influence upon the response being studied were used
to form the model for the response prediction.

(3) The parameters in the model were estimated by the method of

least squares as described by Graybill, 1961,



(4) The validity of each prediction equation was challenged by
testing the residual sum of squares, by finding the predicted

A
values, Y, and making a half-normal plot of the treatment

LD

residual deviations amnd by testing the hypothesis that each
parameter is equal to zero.

# (5) The parameters which were notvsignifieantly different from
zero are eliminated to simplify the model and the remaining
parameters are re-estimated.

(6) ¥ was calculated and a half-normal plot was made of the treat-

ment residuals for the simplified model.

The models used to derive these prediction equations are of the

general form
Y = ZXEY ayy1n x1jxek3§.31x4,. +te,

where

Y = observation (nutrient intake or production response)

ajx1n = unknown parameter

H
o
w
[
"
[N

k

H
(@]
v
[N
©
N

1
. =0, 1,2

dietary protein level

2
i

dietary energy level
‘ =X, =1,2, 3, 4
dietary weight

& & &
W

dietary volume

o
i

random error that has a normal distribution with zeroc wmean and
variance = 0%,

The x; are coded numbers which represent the actual levels of dietary



factors., These coded numbers are used to make the calceulations as simple
as possible. The coded numbers (X, ) which correspond to the actual levels
are given in Table I. The five observatlions represented by Y are denoted
as follows:

Y; = protein intake per bird per day

4
&<
i

= spnergy intake per bird per day

Y; = body weight change

Y, = number of eggs prodoced

Ys = average egg welght.

The ¥, along with the observations for each response variable are given
in Appendix Table I. This is the summary data for the entire sxpsriment,
or the accumulated summary of periods 2 through 8,

A1l six steps in the procedure will be performed on the data for
each response, one at a time, and the results will be discussed after
each step. The general model as expressed above can be expanded into
81 possible terms, but only those terms which represent the effects
obtained in step one will be included im the models for the specifie

@bﬁervatignso‘
Nutrient Intake

Protein Tntake: The analysis of varlance of protein consumption

as affected by dietary protein, distary energy, dietary welght and
dietary volume is presented in Table II. From this tabls it can be

seen that many of the interaction effects which could not be seen in
the analysis presented by Gleaves are significant at the 5 percent 7
level of probability. As an example, protein x energy with 4 degrees of

freedom is not significant, but protein limear x energy linear is



TABLE I
i
ANALYSIS OF VARIANCE OF PROTEIN CONSUMPTION

Source DF 35 M5 Fl
Total 586 6,585.32
Treatment 80
Frotein{P) {2} 35597.69
P, 1 35596.69 35596.69 1,459.87%
Pe 1 1.00 1.00 42
Energy(R) {2) 1,556,730
B, i 1,550,655 1,550.65 646, Gl
Eq 1 5,65 5,65 2.35
Weight(W) (23} 3.4k
W, 1 .20 .20 .08
W, 1 3.2 3,24 1,35
Volume{V) (2) 29,30
v, 1 29,08 29.08 12,12+
Vq 1 .22 .22 .09
Interaction (72)
PxE () 17.92 ’
P, E 1 9.95 9.95 b, 14w
Py E, i 1.76 1.7
P, B 1 5.40 5.40 2.25
P, E 1 .81 .81
PxW (%) 6025 1,56
PxV (&) Z.01 50
ExW (&) 20,51
E W, i 9.91 9.91 Y120
Ey W, 1 1,42 1.42
E, W 1 .25 .25
B, VW 1 8.93 8.93 3o7eH
ExV {4) 7.91 1.97
WxV {4) 11.12
W, v, i 1,56 1,58
W, V, 1 .10 .10
W, Vq 1 9.3 9,34 3,89+
Wy Vg 1 .12 .12
PxExW (8) 38,04
P, E W, 1 8.47 Bol7 3. 52%
P, E, W, 1 1,14 1.14
P, E W, 1 .61 .61
P, E, W 1 1,90 1.90 |
P, By W, 1 8.34 B3k F ol
P, E, W, ! 5.68 5.68 2,36
P, By W 1 .36 .36
Py Ey W i 11,54 11,58 4,80
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TABLE II (CONTINUED)

b el R e A O A N A D WA AL b =y o
Source DF S5 MS Fl
PxExV (8) 28.01
P, E V, 1 1,11 1.11
Py E, V, 1 9.30 9,30 3.87%
P, B V, 1 1,79 1.79
P, E, Vg 1 .36 4,36 1,81
Py B V, 1 .32 .32
Py B V, 1 9.77 9.77 4. 07*
P B Vy 1 -39 -39
Py Ey Vo 1 .97 097
PxW=xV (8) 13.94 1.74
ExWxV (8) 1s.21 1.97
PxExWxV (16) 73,11
P, E, W, V, 1 8.23 8.23 3,429
P, B W V, 1 2.99 2.99
P, B, W, V, 1 .83 .83
P, E_ W V, 1 2.66 2,66
P, B, W, Vg 1 .83 .83
Py Eq W, V, 1 13.51 13.51 5,62+
Py B W V, ! 5.83 5.83 2,42
Py B, W, Vg 1 3.46 3.46
P, Ey Wy V, 1 8.06 8.06 3.35%
P, Fy W, Vg 1 1,86 1.86
B, B, Wy Vg i 16.07 16.07 6. 65
Py Ey Wy V, 1 5.63 3.63
Py By W, Vg 1 3.26 3.26
Py B, Wy Vg 1 13 .13
P, B, Wy Vg 1 .70 .70
Py By Wy Vq 1 1,06 1,06
Error 486 1,165,.53 2.5

e AT ING

With 1 and 486 degrees of freedom the following probabilities hold:
F = 6,70 P< .0t
F = 3,86 P< .05

F

H

2.75 P < .10

*Effect is included in the first model for prediction purposes.
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significant at the 5 percent level of probability. Whether this level of
significance is meaningful will be seen from the analysis which follows.
The effects which have an asterisk by the F values were included

in the model for prediction purposes. The specific model for protein

intake is
o — — J—

1 u
Xy 21000
X 8100
X ‘ 40001
% X | 3300
B XX %0110
R %0220
%o Xe® ' 20012
Y, = Q%X : 41110
1 %%x 22810
2% x? 3pa20
X X% % 8101
x° % x® . 32102
XXX X / 111
xxa!aa?fa&' %311
R 3221
X %% x,* 8122

— - — -

This will be referred to as Protein Intake Model 1. Note: Where
s Tx =1 =4 =0 3900 1is denoted as p.
From the data in Appendix Table I, the least squares estimate of

the parameters are calculated and are given in the following expression:
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< = o T
M 13,20
21000 3.08
8100 -2.08
20001 = 277
21100 176
8110 - .198
89220 « 380
oia - o115
&130 = 0225
3e210 = 0836
33220 - o387
43101 - °091-&«8
3z102 .128
81111 = 271
83311 - 0349
g2l - 0938
3123 L0499

~— - — e

Two questions about this prediction should be considered: (1) how
well will this equation predict protein intake in laying hens? and (2)
can this equation be simplified without reducing the prediction quality?
Tests will now be made to study these questions,

The sum of squares removed by the parameters in the model and the
residual sum of squares are of importance when deciding how well a model
fits the data. These are given in Table II1. It canm be seen from the
data in this table that almost all of the variation among tr@atmenté is

removed by parameters in the model. The total corrected mean square is
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326.97 as compared to 2;94 for the residual. With this model the sum of
squares due to variation within treatments can be separated from the
residual sum of squares and can be used to test the residual. In this
case the residual does not appear to be different from the error. This
indicates that the parameters of the model probably acecunt for all the

variation due to treatment except for random error.

TABLE IIT

ANALYSTIS OF VARIANCE OF PROTEIN INTAKE MODEL 1

Seurce DF S8 MS F

Total 567 105,880.84

R(w)* 1 99,295.53

R(u,a)? 17 104,527.06

R(a) adj. 16 55231.53 326.97 136.24(P < .01)
Residual 64 | 188,25 2.94 1.22

Error 486 1,165.53 2.40

1R(w) - Reduction in sum of squares due to .

®R(p,a) - Reduction in sum of squares due to p, and a. In this,
a includes all the a;y;, in the model.

In order to test further the residual variation, the predicted
value, ?i, is calculated. This is the predicted set of wvalues for
futurevobservations of protein intake for the treatments, if the X
experiment were to be repeated. These values are presented in Table x
IV. When these values are compared to the treatment means which were

presented by Gleaves, the general trends are the same. The treatment



Metabolizable Erergy (Kilocalories)

13 16 19
Milliliters Milliliters 111111 1ters
180 230 280 180 230 | 280 180 | 230 | 280
512,17 | 12.35 | 12.60 | 16.21 | 15.82 | 15.66 J19.05 {18.60 | 18.03
@
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1S “l12.43 | 12.38 |12.07 § 15.56 | 15.28 | 15.00 §is8.28 [18.18 | 17.87
bh
?
* Slie.st | 12031 f11.73 § 15.58 | 152 | 15.03 §1z.s2 |17.67 | 17,38
e AR SRR T T L R S N AR T
8f10.51 | 10.12 | 9.96 | 13.59 | 13.20 | 13.04 F16.67 |16.28 | 16.12
o
E
[
4 .
[} NolEol
2~ 10.50 | 10.12 | 9.8 § 13.48 | 13.20 | 12.92 f16.56 |16.28 | 16.00
i
()]
=5
Zf10.28 | 10.12 | 9.73 | 13.36 ] 13.20 | 12.81 f 16.44 |16.28 | 15.89
SR A SRR S R N NPT
SY 8.59 | 7.89 | 7.57 | 11.65] 11.26 | 11.10 § 1680 |13.95 | 14.08
v
g .
gl 836 | 7.86 | 7.62 | 110 11,12 | 10,88 16,88 1438 | 14,13
oY I :
Ko
un
K
=51 775 2.7% | 7.67 § t1.82 ] 11.66 | 11.27 Jis5.50 J1s.71 | 14,00

. “TABLE IV

A
PREDICTED VALUES, Y;, FOR PROTEIN INTAKE MODEL 1

14

Protein (Grams)
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means are denoted by'?a In order to make a more direct comparison of

A - - -
the ¥; to Y , the residual deviations, Y; - §E, are caleculated and
presented in Table V.

According to the general model, the assumption is made that the

» random error, e, is distributed normally with a mean of zero. The

¥ residuals, Y - ?, estimate this random error. Y is the set of treat-

% ment means which was presented in the report by Gleaves. It is admitted
¥ that Y - ? is a better estimate of the random error than Y - ?; however,
in this case, with 567 Y values, it would be extremely difficult to
calculate and to preéent Y - ?, Therefore, Y - ? 1 used as a substitute.

If thefe are any definite trends of either positive or negative
numbers in the residual deviations, it is probable that they are not
distributed normally. However, there is no obvious indication that there
is any such trend in the results presented here.

The test used te check for zero mean and normal distribution is a
half-normal plot of the residuals. They are ranked according to absolute
size (that is, without regard to sign). Then the rank, expressed as a
percentage of sample size, is plotted against absolute value on normal
graph paper. The percentage of saﬁple size contains a continuity
correction of .5 and is calculated by P = (i - °5)/N x 100, In this
< cagse N = 81. If the points on the graph form a straight line which

~ passes through the origin, then it is assumed that the résidual deviation

4 is a result of random error.

For Protein Intake Model 1 the half-normal plot is presented in
Figure 1. It appears from this figure that the residual variation for
this model is very close to random error. Although the points do not

exactly form a straight line, it is very close and the line does pass



TABLE V

= A
THE RESIDUAL DEVIATIONS, Y,-Y,, FOR PROTEIN INTAKE MODEL i
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Protein (Grams)

b .13 16 19 ﬁ
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r(—'f 1
9 & .08 .20 .32 §F 1.10 | -.45 | <.22 § -.60 =209 .88
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L od
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through the origin. The fact that the line passes through the origin
indicates that the mean is zerc.

It appears from the preceding tests that the Protein Intake Model 1
does a reasonably geood job of predicting. However, the only true test
would be to perform actual feeding trisls and compare the observed out-
come to the predicted outcome.

Protein Intake Model 1 has a large number 6? terms and it is
difficult to caleulate predicted valuss with such a complicated equation.
It would be advantageous to have a simpler prediction equation if a
simpler one would give results comparable to Model 1. The hypothesis
that each parameter is egqual to zero 1ls tested in order to eliminate
- some of the parameters and still have a good prediction equation. The

t test is used for this purpose. The calculations are made wusing

ﬁjkkm = 83p1m
ey
A @3 @iﬁ.

where ¢;, 1s the 1jth element of <xvx)°l (Graybill, 1961). BSince the

with N = p degrees of fireedom

hypothesis is that agy,, = 0 the formula becomes

In this case N = 81 and P = 17 so there are 64 degrees of freedom. From
Table III, ® = 2,9% is Ebtained,

The calculated t values for the estimated parameters are in Table VI,
It can be seen from the data in this table that only ¥, 330005 8100 ahd
ayooy are significantly different from zero at the 5 percent level of
probability. Based upon this, the model

I} = + 83000 X1 + Zoioe X * Zoool X



TABLE VI

CALCULATED t FOR THE ESTIMATED PARAMETERS OF
PROTEIN INTAKE MCDEL 1

19

Parameter Esﬁimate ¢ N Gacﬁﬂl vfﬁgigju t*

" 13.20 .00317 .00932 0965k 136,73
%000 3,08 00260 00776 08809 .96
3100 ~2.08 00476 010 L1183 17.58
35001 - .28 00264 .00776 . 08809 3,18
1100 .18 L0071 .0210 1649 1,24
%110 .20 .00397 0117 .1082 1,85
0230 34 ,0151 Ol .2107 1.61
B0013 - 11 . 00564 .0166 .1288 .85
21110 .22 .00595 0175 1323 1,66
82310 " 00846 0259 1577 .27
33220 = .39 .0179 . 0579 . 2406 1.62
2101 = 095 .00595 0175 .1323 .72
102 .13 .0107 L0314 1772 .73
83111 - .27 .00893 .0262 1618 1,66
3211 - 2035 .00893 .0262 .1618 .21
33321 - <09 .00893 0262 .1618 .58
2122 .050 .0161 0473 .2175 .23

*tuog = 2,00
12 = 2.9



is used for the prediction of protein intake. This model is called
Protein Intake Model 2. The parameters are re-estimated and the
resulting prediction equation is
T, = 13.23 + 3.08% - 2.03% - .28% .

The residual sum of squares is tested in the same way as for
Protein Intake Model 1. The analysis of variance is presented in
Table VII. The results of this test indicate essentially the same
thing as the corresponding test for Protein Intake Model 1. This
means that, based upon the residual sum of squares, the simpler esquation
will predict future observations of protein intake as aceurately as the

one with 17 terms.

TABLE VII

ANALYSIS OF VARIANCE OF PROTEIN INTAKE MODEL 2

Source DF SS MS F
Total 567 105,880.84

R{k) 1 99,295.56

R(p,a) 4 104,472,06

R(a) 3 5,176.53 1725,51 546.04{P < .01)
Residual 77 243,25 3.16 1.31

Error 486 1,165.53 2.40

In order to check further-the prediction ability of Protein Intake

. - 2
Model 2, the predicted values, §%9 and the residual deviatiens, §; - Yy,
were calculated. They are presented in Tdbles VIII and IX, respectively.

There is nothing in these twc tables to imdicate that Protein Intake



TABLE VIII

A
THE PREDICTED VALUES, Y, , FOR PROTEIN INTAKE MODEL 2
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Protein (Grams)
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TABLE IX

- A
THE RESIDUAL DEVIATIONS, Y, -Y, , FOR PROTEIN

INTAKE MODEL 2
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Protein (Grams)
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Model 2 would not accurately predict future observations. The trends in
the Qi are the same as in Y; and there is no indicétion that the residual
deviations follow any certain trend. The halfan@rmél plot of the
residual deviations 1s presented im Figure 2. The result is almost
identical to that for Protein Intake Medel 1. The residual deviations
appear to approach the normal distribution with a mean of zero.

It can be concluded from the preceding tests that the less compli-
cated model, Protein Intake Model 2, is superior te Protein Intake Model
by the fact that Medel 2 is the simpler. There are no indicatiens that
there are any differences in the ability of the two models to predict
future responses. The analysis of variance for protein intake presented
by Gleaves shows significant (P < ,05) 3-way and M=way interactions.
However, the results here indicate that these effects need not be
considered when estimating future responses.

Energy Intake: From the analysis of variance of energy consumpticn

which is presented in Table X, 15 terms were picked to go into Energy
Intake Model 1. This was done in the same manner as for protein intake.
In order to include every effect that may be of importince inéof;r as
prediction is concerned, the effects that have F values with P < .1 were

included in the modelo The model is

Y, =4 + Go00% + %o01%e + os00%e * Yi100M e + Azc0¥y e
+ BirioXX t 302203%33%2 + 30@123%%2 + 10K % %
+ ag120M % X© + 3@@263‘13%3?‘52 + 83101 %" % XKe

+ 35102 KX + Bpp1iXy N ¥ + AipeXylels Xe©

The least squares estimate of the parameters is as followss
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TABLE X

ANALYSIS OF VARIANCE OF
ENERGY CONSUMPTION

Source DF 85 MS Fe
Total 566 709,973.08
Treatment [80]
Protein (P) (2) 75,576.71
P, 1 73,982,20 73,928, 20 o 11w
P 1 1,594,51 1,594,51 1,66
Energy(E) (2) 29,470,38
E, 1 2,390. 9% 2,390.94 2.49
Eb 1 27,079.14% 27 ,079.44 28,22%
Welght (W) (2) 976,04
W, 1 5,17 B,17 - 00
g i 973,87 971.87 1,012
Volume(V) (2) 11,401.34
v, 1 11,206.95 11,206.95 11,68+
A 1 194,39 194,39 .20
Interaction (72)
PxE (&) b5,578.81
P, E i 41,811.57 b3 811,57 473 ,58%
P B 1 22,23 22,23
P, B i 3,45%,30 3,85%,30 3.60%
Pb Eb i 290,71 290.71
PxW b 2,736.74 684,19
PxV b 2,084,.23 521,06
ExW () 6,212,15
E W 1 2,707, 4k 2,707,544 2,82+
Eb W, i 562,20 862,20
E, W 1 34,71 3,71
By Wy 1 2,907.68 2,907, 68 3,03%
ExV b 3,806, 59 951,85
WxV (4) 4,288,23 |
W, v, 1 764,76 764,76
W V, 1 19,58 39,58
W, Vb 1 3,365,11 3,365.11 3. 50%
W V 1 118,78 118,78
PxExW (8) 16,932,43
P, B W, 1 2,600,72 2,600,72 2.71
P, E W 1 1,113.09 1,113.09
P, B W, 1 778.33 778,33
P, E, i 1,287,975 1,247, 74
Py Eg W, 1 3,399.00 3,399.00 30 54%
P, E, W, 1 3,215,62 3,215,62 3.35%
P, B W 1 141,77 141,77 |
Py By W 1 %,736.16 ,736.16 . 93*
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TABLE X (CONTINUED)

&z

Source DF S5 Ms F
PxExV (8) 10,094.91
P E V, 1 360,21 360,21
Py BV, 1 3,281.34 3,281,.34 3. 2%
P, E V, 1 1,068.96 1,068.96
P, B Vg i 1,53%6.50 1,536.50
Py By V 1 143,62 143,62
Po B YV 1 3,259.52 3,259.52 339+
P, E Vq i 2,72 2.72
Py By Vy i 442,03 bz ,03
PxW=xV 8 4,821.68 602,71
ExwWxV 8 5.396.53 674,57
PxExWxV (16) 23,701.14
P, E, W V, 1 2,304,184 2,304, 14 2.40
Py B, W ¥, 1 651.85 651,85
P, B WV, 1 90.10 90.10
P, E W V, 1 946,71 9h6,71
P, E W Vg 1 10,01 10,01
Py By W, V, 1 b,637,1k b,637,18 5,88+
Py B, Wy V, 1 2,114,.68 2,114 .68 2,20
P, B W, Vg 1 1,580,00 1,580,00
P, By Wy Vi 1 L 1,989,.14 1,989.14 2.07
P, By W Vg i 667.06 667,06
P, B W Vy 1 5,723.81 5,723.81 5.97%
Py By W V, 1 1,156.38 1,156.38
By By W, Vg i 1,213.97 1,213.97
Py B, Wy Vy i 223 4l 223,406
PL E\Q WQ VQ 1 6&6078 6@’6078
Py B Wy Vo i 366,73 366.73
Error 486

Lé6,274.27 959.41

24ith 1 and 486 degrees of freedom the following probabilities hold:
F =6.70 P< .01

g
f

= 3086 P< 005

vz
1}

2,75 P< .10

*Effect is included in the model fer prediction purﬁoseso
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~ — ~ ==
" 250,99
33000 9.71
9601 =5.45
200 =13.40
21100 12,14
3200 6,41
%110 3,28
dp230 _ 12,78
Boiz -1.84
83210 = 84
2120 =7.32
33220 =9.91
43101 2,07
%2102 =2.05
2211 -1.23
31122 ’ 1.69

N s S .

The tests thatl were made on Protein Intake Model 1 were made on the
parameters of this model. The analysis of variance to test the residugl
sum of squares is in Table XI. The F test indicates that the residu#l

» sum of squares is probably a result of random error. However, further
“ tests must be made before a conclﬁsion can be drawn,

The predicted values, ﬁ;, for Energy Intake Model 1 are presented
in Table XIT, and the residual deviations, ?; - %;9 are in Table XIIT.

7 Visual observations of the numbers in these two tables do not reveal
anything that would indicate that this predictlion equation would give

skewed results, However, the half-normal plot of the residual deviations
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TABLE XI

ANALYSIS OF VARIANCE FOR ENERGY
' INTAKE MODEL 1

Source DF S8 MS F
Total 567 34,588,311

R{p) 1 33,978,338

R{p,a) 16 I 146,719

R{a) 15 168,381 11,225,40 11.70(p < .01)
Residual 65 75,316 1,158,72 1,20

Error 486 U6, 278 959.41

in Figure 3 shows that something other than random error is affecting the
residuals. It can be seen from this graph that the residual deviations

probably do not have a normal distribution. This indicates that the

* prediction equation eontains error other tham random error. It would

be extremely difficult te determine the cause of the non-normal distri-
bution of the residuals.

It is possible that a simplification of Energy Intake Model 1, such
as was done with Protein Intake Model 1, eould result in alteration of
the distribution of the residual deviations. The hypothesls that each
parameter is equal to zero is tested im the same way as for Protein
Intake Model 1. This information is tabmlated inm Table XIV. By taking
only the terms for which the parameters differ from zerc with 2 95 percent

level of confidence, the simplified model becomes



TABLE XII

A
PREDICATED VALUES, Y, , FOR ENERGY INTAKE MODEL 1
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Metabolizable Energy (Kilocalories)

Protein {Grams)

i 13 16. 19
¥illiliters Milliliters Milliliters
180 230. 280 180 |..230. | 280 180 . 230 280
o ' 1.
NB255.65 | 247.92 1 251.35 § 260,94 | 253.65 250.04]7260.23 255.88 {255.93
& o : T
§ S M239,04 | 233.61 232,28 § 243,04 | 237.59 | 232,14 § 247,00 j241.57 § 240.24
+ .
gr
D oo .
= 202u6,19 | 239.68 | 236.97 § 250.70 | 247.09 | 239.80 § 250,77 § 247.64 | 241.55
‘—“m—m——-—m-——u ;
1 Sfau8,57 | 241.28 | 237.67 § 258.28 | 250.99 260,70 | 257.09
- ,
&
] "
& . N
8] S N 246,73 | 241.28 | 235.83 § 256,44 266.15 | 260,70 | 255.25
*‘n
2 o
2Rouk,89 | 241.28 | 233.99 § 254.60 | 264.31 | 260,70
&l 206,83 | 202.44 | 19,25 ] 254,38 | 247.09§ 243.48 266.73 | 258.96 |
918 e 214.80 | 209.33 1 199.76§ 243.04 | 237.59) 232.14§ 271.32'] 265.85
™ }_} - i ! : RE ) R :-
2 of 210.49 | 207.32 | 192,99 257.26 | 253.65] 246.36) 270.39 | 263.84




TABLE XIII

THE RESIDUAL DEVIATIONS, Y¥;-Y, , FOR ENERGY
: INTAKE MODEL 1 .
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13

Protein (Grams)

16 19
Milliliters Milliliters Milliliters
180 § 230 280 180 230 280 180 230 280
o -
‘1-13;2’2 11,221 -10.35 -.38] -3.22 2.53 8.34 -2.31) 2.6k
g -
£ - o
ggﬁi ih.391 -16,04 | 12.15 8.82 L.ss] 12,198 -6.00 19.29 1.62
N 2 .
o
E‘L\ ’
— =30 B,38] S8.46] -2:40fF 20.59f 3.48) 2,91§-11.91 ] -1.35{( 7.74
(7] :
@ .
E_umm-—-: . A
—t
8 &8 _s5.00] -3.85] -1.53} 19.20] -10.56} -5.670-11.82] -1.99] ‘14,34
" )
25 g
B 8IS A 13.13] -to.b2) busuf 12,85 9.3c] w.60f 12,281 -3.99) 9.1t
o
- 2 .
e T 51 15.54] 12.86) -20.56fF -17.60F -1.42] -1.84F -6.31 1,59 .30
[ «l
3 :
13‘ &F  9.03] -s5.15| 9.8} -37.59  1.48] -8.77§ 8.56| -18.67)  5.99
‘@
£ | _
ol 58l -3.09 1s.81f -1.62f -25.14  -.88) -22.85) ~14.61 | -10.56] 11.86
A3
L
3
= o) .13.35) <4.32] -7.56) -9.8% 13.92] 14.78F 13.47 14,59 -11.75
A OV R A
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TABLE XIV

CALCULATED t FOR THE ESTIMATED PARAMETERS

OF ENERGY INTAKE MODEL 1

32

S\/ é cﬁi

Parameter Estimate ey g ézeﬁﬁl p*
" 250.99 .00529 6.13 2.476 101,37
21000 9.71 00794 9,20 3.033 3.20
80002 5,45 .00265 3,07 1,752 3.11
20300 ~13.40 .01323 15,33 3.915 3.42
81100 12,14 00714 8.27 2,876 4,22
33200 6.41 .01190 13,78 3.728 1,72
20110 3.28 .00397 .60 2,144 1,53
220 12.78 -0198% 22.99 4,795 2.66
%0018 ~1,84 00560 6.54 2,557 .72
32210 - .8l 00846 9.80 3,130 .27
35120 -7.32 .01071 12,41 3.521 2,08
22220 -9.91 .01786 20,69 . 561 2,17
33301 -2.07 .00595 6.89 2,625 .79
3102 -2.05 .01071 12,41 3.521 .58
8211 -1.23 .00893 10,40 3.225 .38
23152 1,69 01607 18,62 4,313 .39

18 = 1,158.72

*t.og = 2,00



This model 1s called Energy Intake Model 2.
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When the parameters

The analysis of variance for this equation is presented in Table XV,

From the standpoint of total residual sum of squares, this equation has

equal predicting ability to that of Energy Intake Model 1. From predicted

A - ,
values, Y5, in Table XVI and the deviations from the means, Y, - ?;9 in

Table XVITT, there are no indications that Energy Intake Model 2 gives

a skewed prediction pattern.

The half-normal plot in Figure 4 shows

that the distribution of the residual deviations is cleser to normal
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TABLE XV

ANALYSTS OF VARTANCE OF ENERGY INTAKE MODEL 2

Source DF S8 MS F
Total 567 34,688,311

R(w) 1 33,978,338

R ,a) 9 34,137,567

R(a) 8 159,238 19,904,75 16.96(P < .01)
Residual 72 84 461 1,173.06 1,22

Error 486 866,274 959,41

than tbat'for Energy Intake Model 1. This indicates that the simpler
equation is not only easier to use but it will probably do a better job
of predicting.

It was stated by Gleaves that there must be an interrelationship
betﬁee; energy and weight on energy intake, but he was not able to show
it. In the prediction equations for energy intake, the coefficient of
the term %, °%> is significant at the one percent level of probability.
Since %, and X, represent the levels of dietary energy and dietary
weight, this substantiates the statement made by Gleaves with positive
evidence.

A 3-way interaction of protein x energy x weight on energy intake
was pointed out and is discussed at length by Gleaves. The analysis
here more clearly defines where the interaction occurs. In the
prediction equations for emergy intake, the coefficients for the terms
X°%%° and x°x%%%°® are significant at the 95 percent confidence

level.



TABLE XVI

FREDICTED VALUES, Y, , FOR ENERGY INTAKE MODEL 2
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E 300 I 260

Metabolizable Energy (Kilocalories)

340

Protein (Grams)

13. 16 E i9 I
Milliliters Milliliters ' Milliliters
180 230 280 180 230 280 180. 230 280

PR — ————— N

o~ .

SR 253.48 § 248,03 | 242.58 § 255.82 250737 244,92 §255.70 1250.25 | 244.80
’(',)\ .

2o
2o 241,93  236.48 | 231.03 § 243.04 {237.59 | 232,14 § 264,15 1238.70 | 233.25
e
'%Dc\
=3 253.48 | 248,03 | 242.58 § 255.82 1250.37 | 244,92 § 255.70 | 250.25 | 244.80

(S 242,1&5-  237.00 § 231.55§ 256.44 ‘250.99 245,54 § 270,43 § 264,98 2‘59&53
)

AB |
SE‘ 242,45 1 237,00 | 231.55§ 256.44 | 250.99 | 245,54 § 270.43 | 264.98 | 259.53
)
Lol
.&"
3% 242,45 | 237,00 § 231,554 256,44 § 250.99 | 245,54 % 270.43 | 264,98 | 259.53
TR, SRS S S JIRRS SERIRRRRIES SRS S s

o~ ,

a9 210,36 { 204.91 1199.46§ 255.82 | 250.37 | 2u4,92§ 264.10 | 258,65 | 253.20
o

SL\ '
S 216,17 210.72 }205.27§ 243,004 | 237.59 | 232,14] 269.91 | 264,46 | 259.01
%D .
2
= 50210.36 | 204.91 [199.46] 255,82 | 250,37 | 244,928 264,10 | 258.65 | 253.20



TABLE XVIT

- A v
THE RESIDUAL DEVIATICNS, Y,-Y, , FOR ENERGY
: INTAKE MODEL 2 :
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Metabolizable Energy (Kilocalories)

) Protein (Grams)
13 6 i 19
Milliliters Milliliters Milliliters
180 | 230 280 180 230 | 180 230 280
§ -11,05 § 11,11} -1.58% 4.75 06 {1 7,654 12.87 | 3.32 8.49
-
g e - :
¢
N : ;
AR : ;
QP 11.50 | -18.91 1 13,40 8,82 4,55 12.29! -3.15 1 22,16 8.61
';:‘V ik )
2 {

I8 1.09 A1) -8.01F 15.47 .20 | -2:218 216,84 ) ~3.96 4,45
&) 112 430 4590 20.85 |-10.56 | -3.830 -13.86 | -6.27 | 11.90
2 :

8

oF O

8:5 17,81} 6,14 ..26f 12.85 ) 9.30 L.60F 8.00 | -8.27 | -13.39
)

5F 17.98 | 17,14 | -18.12 19,08 | 142 3.68§ 12,43 | -2.69 | -s5.82

[ .

NE 5,50 | -7.62) 3.97§-38.96 | -1.80 | -10.21f 31.19 {-18.35 6.94
Il
4

Qf O - . X

AP OF 46 | 1bb2 | -7.130-25,18 | -.88 | -22.85f ~13.20 | -9.17 9,13
5
oy
@ .
=

3y 13.22 | -1.91 | 1w.03) -8.39 | 17.20 | 16.22f 19.761 19.78 | -12.06
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When the prediction equations for §r©tein intske are compared to
those for energy intake, it is apparent that the control of energy
intake requires the consideration of more factors than for the control
of protein intake. The results of the prediction equation from Protein
Intake Model 2 show that the linear effects of only three dietary factors
are necessary for reasonable prediction of protein intake. However, the
main effects of 2 dietary factors and 4 interaction @ff@@ts were included
in Energy Intake Model Z. It is well known that energy is the dominant
dietary facter in the control of feed intake. Therefore, dietary energy
largely determines the intake of protein. The intake of protein can be
. changed simply by changing the caloriesprotein ratio, and dietary factors
other than protein and energy have only a small influwence upon protein
intake., On the other hand, changes in energy intake are affected more
readily by certain non-dietary factors than by distary factors. Egg
production, as pointed cut by Gleaves, is a good example of a non-
dietary factor which strongly affects energy intake. For these reasons
it is mach more difficult to estimate future responses of energy intake

by dietary facters enly. These ideas are the subject of the next chapter.
Froduction Responses

Body Weight Change: Prediction equations for the production

responses are developed in the same way as for the nutrient intake
responses. The analysls of variance for body weight change is in
Table XVITI. From this table the terms are pieked for the model in
the same way as was done before. Theref@re9 Body Weight Change Model 1

is:
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TABLE XVIIT

ANALYSTS OF VARIANCE OF
BODY WEIGHT CHANGE

Source DF SS MS rl
Total 566 42,501,182,86
Treatment [80]
Protein(P) (2) 5,725,360.65
Py 1 5,715,507.88 5,715,507 .88 99.20%
B, 1 9,852.77 9,852.77
Energy(E) (2) 2,131 ,659.24
E, 1 1,732,739.5% 1,732,739, 54 30,07*

Ey i 398,909.70 398,909.70 6,92%
Weight (W) (2) 131,%14.68
W, i ?0,584,78 70,584,798
Wy 1 60,929 .90 60,929.90
Volume(V) {2) 302,698.95
v, 1 301,667.63 301,667,632 5, 2%
Vq i 1,031.32 1,031.32
Interaction (72)
PxE (%) 1,371,978.69
P E 1 1,267 ,493.53 1,267,493.53 21,99*
Py E i 91,344 .04 91 .34k, 04
P, E 1 11,464 .46 11,464,486
Py By 1 1,676.66 1,676.66
PxW 4 205,968.96 51,492,24
ExV 4 182,289.74 45,572 .44
ExW (4) 525 474,56
E, W, 1 363,356.19 363,356.19 6,30%
E, W, i 74 ,384,92 74 ,384%.9
E, W, 1 36,333, 44 36,333.44
By W, 1 51 ,4409.99 51,449.99
ExV b 136 ,670.06 3k,167.52
WxV (1) 653,682,88
W, Y, 1 149,028, 67 49,028, 67
Wy VL 1 90,095.25 90,095.25
W, Vq 1 512,044.47 512,044 47 8,.88#
Wy Vq 1 2,520,49 2,520.49
PxExW (8) 6ily ;273,23 '
P, E W 1 5,497,14 . 5,497.14
P, E W i 62,200,00 . 62,200,00
P, B W 1 84,080.33 64,080,733
P, E, W, 1 26,402,87 24,402,87
Pq By W, 1 232,043.88 " 232,043.88 4,0z*
P, E W i 4,123.68 4,123,68
P, B W 1 258,37 258,37
P, B, W 1 251 ,666.96 251 ,666,96 b, 36+



TABLE XVIII (CONTINUED)

4o

Source DF S5 MS Fl
PxExV (8) 495,490,77
P, E, V, 1 179,470.72 179,470.72 3.11%
Pq BV, 1 177 ,825,57 177,825.57 3,08%
P, K V, 1 19,800.16 19,800,16
P, E Y, 1 674,38 674,38
Py By V, 1 60 ,888.90 60 ,888,90
Py B Vg 1 375590.29 375590.29
P, E, Vg 1 Iy ,280,38 4,280,38
Py By Vg 1 14,960.37 14,960,37
PxWxV (8) 475 ,836,72
P, W, V, 1 212,077.14 212,077.14 3. 68%
Py W, ¥, 1 10,359.57 10,359.57
P, Wy V. 1 26,796.87 26,796.87
P, W, Yy 1 6,223.09 6,223.09
Pg Wy V, 1 204,053.72 204,053.72 3, 5l
Py W, Vg 1 439,30 439.30
P Wy, Vg 1 15,435.55 15,435.55
Py, Wy, Vq 1 452,35 452,35
ExWxV (8) 642,337.25 ‘
E W V, 1 3,268.33 3,268.33
Eq W, V. 1 10,215.00 10,255.00
E W, V, 1 53,177.24 53,177.24
E W, Vg 1 60,479.04 60,479 .0l
E, Wy V, 1 87,817.14 87,817.14
By W, Vq 1 23,564.12 2%,561,12
B, W, Vq 1 25,023,04 25,023.04
E, Wy Vg 1 378,793.37 378,793.37 6.57*%
PxExWxV (16) 874,501,006
P, B, W V, 1 7 540,72 7,540,72
Py B, W V, 1 2,524,52 2,524,52
P, E, W V, 1 87,979.07 87,979.07
P, E W V, 1 12,373.57 12,373.57
P, E W V, 1 117,413,57 117,413,57 2.03
P, By W V| 1 148,361 . 54 148,361.54 2.57
Py B Wy V, 1 4,991,12 4,991.12
Py B, W, Yy 1 82,532.38 82,532,38
P, B Wy V, 1 2,083.01 2,083.01
P, By W Vg 1 3,799.45 3,799 .45
P, E W, V, 1 242 327,02 242 .,327.02 iy, 20%
Py By Wy ¥, 1 58 645,00 58,6l5,00
Py Eq WV 1 50,282.26 50,282.26
Py E, W, Vq 1 21 456,02 21 ,456.02
P, By Wy Vq 1 31,739.81 31,739.81
Py, By Wy Vo 1 452,00 352,00
Error » 486 28,001,455, b4 57 ,616,16




ki1

FOOTNOTES FOR TABLE XVIIT

With 1 and 486 degrees of freedom the following probabilities holds

F = 6,70 p < .01
F = 3.86 P < .05
F = 2,75 P< .10

*Effect is included in the model for prediction purposes.
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Y2 =8 + 3000% + %100% * %001% + Fz00%"
+ 31100%% + %110%% * Go12¥% X * GaioXi %o %
+ 3230%° % %> + Y01 e + 33101%1 " X Xy
+ 2011 NT X + B0210° % K + BoszR x>

3_2
t Qi XK

The least squares estimate of the parameters of this model was calculated

and is presénted as follows:

— — — —
[V 80,27
31000 122.97
%100 -67.71
%001 -30.29
200 -73.36
31100 87.81
110 37.97
2012 : =15,66
3zz10 i 7042
32220 ~ 5.76
aj101 -32,68
az101 - 1,24
21011 35.53
3021 L.61
do222 44,24

[ Bz _=37-99 »

The sum of squares removed by these parameters is given in Table

XIX. Here again the size of the residval sum of squares indicates that
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the variation not accounted for by the model is probably due to random
error. To test this further, the predicted values, ?i, are calculated
and are presented in Taﬁle XX. The residual deviations, ¥, - ?;, are
given in Table XXI. The general trends for the ?; are similar to that

of ¥s. There are no definite trends for Y, - ?; that would indicate that
the residual is not distributed nermally. The half-normal plot of the
residual deviations is presented in Figure 5. This graph shows the
residvuals are not too far from a normal distribution; however, the mean

is not zero. If the mean is zero, the line must pass through the origin.

TABLE XIX

ANALYSIS OF VARTANCE OF BODY
WEIGHT CHANGE MODEL 1

Source DF SS MS F
Total 567 43,537,988

R(u) 1 1,036,806

R(m,a) 16 11,512,129

R{a) 15 10,475,323 698,354 .86 12,12(p < .01)
Residual 65 %, 024,403 61,913.89 1.07

Error 486 28,001,455 57,616.16

The estimated parameters of Body Weight Change Model 1 are tested
in the same way as the parameters in the nutrient intake Models. The t
value is calculated for the parameter to test the hypothesis that each
one is equal to zero. These are listed in Table XXII. The 5 percent

level of probability is used to select terms for Body Weight Change



TABLE XX

A
THE PREDICTED VALUES, Y, , FOR BODY WEIGHT

CHANGE MODEL 1

il

- Protein (Grams)
13 16 19
Milliliters Milliliters Milliliters
180 230 280 180 230 280 180 230 280
[ L R T _
o .
N§107.75 | 64.25) 64.57] 202,78 {112.59 | 142.20 § 259.75 | 134.57 | 205.17
- .
£
8 e
§ Z ¥ 101.19 39,46 -22.27 104.91 | 74.62 4h,33§ 106.15§109.78 1 113,41
pe
e
O -
- =3 86.39 3.15] -98.81% 95.52 | 36.65 | 34,94} 96.27{ 73.47 | 183.81
(o]
f_‘ 1
i §) .36.89 | -u2.70] 17,19 125.22| 80.27 | 65.6u] 280.11 | 203.24 | 157.69
“ ) '
) £
, §§35 12,41 | —u2.70) 72,998 110.56 § 80.27 | 49.98% 233.53{ 203.24 | 172.95
g 1E
£ 2
'94 gm )
o = 2,851 -u2.70]-119.578 4.90| 80.27 | 3u.32f 177.73] 203.24 | 197.43
(3]
%u———n—-—‘ L
L
<
E» §.266.13 -322,73 {-183.55] -8.58] -98.77 | -69.16§ 215.87] 98.83 | 25.61
' @
E
g .
Sl 8 B2p2.73 | 21,58 |-270.43] -30.51 | -60.80 | -91.09} 21u.19] 149.98 | 85.77
2
o
*‘.;‘?-135.61 -231.95 195,150 36.04 | -22.83 | -24.54f 204.27} 189.61 | 156.13
m—uw--—m




* TABLE XXI

THE RESIDUAL DEVIATIONS, ¥3-¥,, FOR BODY. WEIGHT
CHANGE MODEL 1

b5

Protein (Grams)

16 19 )
~ Milliliters Milliliters Milliliters
180 230 280 180 | 230 280 180 230 280
[N
NY -34.891 81,461 13,008 -51.35] -86.88) -u2.20f u45.96| -24.57| -28.03
’2\ .
[y
(‘:.J.l\ ’
31 S8 -16.90] -73.58| -3.448 106.52 -44.62{-142,708 -59.01 | 101.65] -56.27
“1E
o
2 o
~ 2R -33.53) -33.15] 57.38f 146.00{ 200.49) 92.20% -23.41 ] 47.96|-108.10
Q
g'—-—-“_
— ' .
& | Sf.135.97] -67.30] -88.52] 18.07] -25.98] -65.64] -17.25] 72.47| bo.6o
- £ -
X g
< 8(\ ' 1
8 EIT o 32.84] 97.30) eés.uk]} 173.73] 19.73) 31.8) 27.03] -s6.10] 22.76
> &
& o
I
4 20 80.01} 102.70 2431 -176.33] 125.44(-121.0468 ~47.73 | 121.05] -67.43
[~]
Cal
'6‘ SR
e
2 S ou.70l-12u.14 | en.12] -20u.28] —72.66] 37.73f 18.82| -85.97] -19.90
w
E
18 o
2le o) s82.98] 98.291 79.00f -169.08 30.80] -9c.34} 38.67 2.88] 92.80
B
o14)
.a’l )
* 5| -v2.96] 9o.52 {-11.99F -33.18 €7.12| 114.57) 75.73| 67.53] -96.13
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TABLE XXII

CALCULATED t FOR THE ESTIMATED PARAMETERS

OF BODY WEIGHT CHANGE MODEL 1

b7

o

Parameter  Estimate ey et VvV P, 1
" 80.27 .00529 327.52 18.08 b4
81000 122.97 .00265 164.07 12,81 9.60
3100 -67.71 .00265 164,07 12.81 5,28
%001 ~30,29 ., 00476 294,71 17,14 1.76
20200 -73.36 .01096 678.57 26.04 2.81
33100 87.81 00714 442,06 21.02 4,17
110 37.97 .00397 245.79 15,65 2,42
80012 -15,66 . 00564 349.19 18,68 .84
82210 7,42 00846 523.79 22,87 .32
%320 - 5.76 01275 789.40 28,08 .21
8101 -32.68 00595 368.38 19.18 1.70
ag101 - 1.24 00595 368.38 - 19.18 .06
85011 35.53 .00595 368.38 19.18 1.85
85021 .61 .01071 663,09 25.75 .18
%228 iy, 24 .01275 789,40 28.08 1,57
31128 =37.99 01607 994,95 31.53 1.20

18, = 61,913,89

*t,os = 2.00
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Model 2. This model is:
Ys = b + Zoco% + %100 + %z00%° + A100%ade + B110% %
When the parameters are re-estimated, the new prediction equation becomes
% = 80,27 + 122.97% - 67.71% - 56.26%° + 70,925 % + 37.97% %
The analysis of variance for this model is presented in Table XXIIT.
Here again the residual sum of squares is not statistically significant,
so from this test it appears that this Model accounts for as much treat-
ment variation as the previous model. The ﬁ; and Y5 - §; are calculated
and listed in Tables XXIV and XXV, respectively. As would be expected,
the general trends for the values in these tables give no indication that
the residual variation is caused by something other than random error.
The residual deviations plotted in Figure 6 show that the distribution
is not as close to mormal as it was for Body Weight Change Model 1.
However, the mean seems to be nearer to zero. Considering all tests made
on the body weight change prediction models, it is difficult to pick one

over the other.

TABLE XXIII

ANALYSIS OF VARIANCE OF BODY
WEIGHT CHANGE MODEL 2

Source DF SS MS F
Total 567 43,537,988

R(u) 1 1,036,806

Ru,a) 6 10,514,869

R(a) 5 9,478,063 1,895,612 28,31(P < ,01)
Residaal 75 590219664 66,955 1,16

Error 486 28,001 455 57,616




L9

TABLE XXIV

PREDICTED VALUES, <I\:, s FOR BODY WEIGHT CHANGE MODEL 2

Protein (Grams)

Metabolizable Energy {(Kilocalories)

13 16 19
Milliliters Milliliters Milliliters
180 230 280 180 230 280 180 230 280
,\§- 77 .64 77.64 § 77.64 §129.69 | 129,69 | 129.69 §181.75 |181.75 | 181.75
0
-
£
ol o
St oo O) 39.67 39.67 | 39.67§ 91.72 91.72] 91.72 § 143,77 }143.77 | 143.77
&
§t\
2] 1,70 1.70 1.70 § 53.75 53.751 53,75 8105.80 [105.80 | 105.80
fas
Gﬁ 42,70 | -42.70 }-42,70§ 80.27 80.27 { 80.27 § 203.24 |203.24 | 203.24
&
i\:
(=] [}
(o] ~
B 2@..1&2.70 42,70 142,70 80.27 80.27 80.27 § 203.24 |203.24 203.24
L]
__E,l
3(\
3«-42.70 ~42,70 Y 42,70 80.27 80,27 80.27 ¥ 203.24 {203.24 203,24
§.275.56 275,56 L275,56 ) -81.67 | -81.67) ~81.67§ 112,22 | 112,22 | 112,22
2
g
;:i 3‘5_237.59 -237.59 §237.59 §-43.70 | -43.70} -43.70§ 150.20 |150.20 | 150.20
£
o«
2
%’_199.62 199,62 1199.62§ -5.73 -5.731 -5.73] 188,16 |188.16 | 188.16
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TABLE XXV
RESIDUAL DEVIATIONS, ¥,-%,, FOR BODY WEIGHT
CHANGE MODEL 2

" Protein (Grams)
13 16 19 E

Milliliters Milliliters Milliliters .
—— 180 230 280 180 220 _‘ 180 230 280

§! -b.78% 68.07 -.07§ »18.26{-103.98 -29.,69~123°96 71,751 -U.61
QI~ o ub.62) -73.96 | -65.38 8 119.71} -61.72 -190.15§-96.63 | 67.66} -86.63
<+
q‘éﬁ ' _
3%' 51,16 31,70 | -43.13 § 187.68] 183.39{ 73.39§ -32.9% 15.63] -30.09
T VT
’ §'-13of,16 -67.30 | 1e7.1 ]  64.020 -25.987 -80.27] 59.62§ 72.47| -4.95
QiU
QI &% 63.13) -97.30}-98.73§ 204.02] 19.73§ -61.70% 103.90 | -86.10f -7.53
;) |
o :
»3‘.-? 125.56] 102.70 | ~74.44  161.70] 125.44(-167.41 ] -73.28 | 121,05} -73.24
- TR o e ]
-~ NE 104.13|-171.61 } 156,13 ~-131.19] -89.76] 50.24) 122,07 | -99.36]-106.51
:
%:%-118-12 64.30 | b6.16§ -94.87) 13.70]-137.73% 102.86 2.66] 28.37
g,, v
2 .
ff 21,05 58.19 | -7.52 8.59 50.02] 95.73F 91.84} 68.98{-128.16
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In the analysis of these data by Gleaves, there occurred a weight x
veolume interzction on body weight change. It was stated in his disecussion
that there was mo consistent pattern of response to this effect which
was significant at the five percent level of prebabllity and that the
interpretation was very difficult. In the present amalysis, there is
a weight linear x volume quadratic interaction which is significant at
the one percent level of probability. This can be seen in the analysis
of variance (Table XVIII). This effect was included in Body Weight
Change Model 1., The t test on the coefficient teo this term shows that
it is not significantly different from zero. Therefore, it was not
included in the Body Weight Change Model 2. With ne consistent pattern
of response, as reported by Gleaves, it could well be that these effects
are nothing more than random errer.

'ggg Production: The amalysis of varlance for egg production is
given in Table XXVI. By choosing the effects which are significant at

the ten percent level of probability, the Egg Productiom Meodel i is

- 23
Yo =B + 230008 * %100% * 2ocoX¥pe * Ai00MKp t ook X
+ - + a3_ 3 + 2 + 2
MoloX K5 Azzi0¥ X X Bie1 Xy XX fpor1 B p X
+ 3 + 2 2 + 2 2
Bpr1 X KX 11X B Xy Bi21X X X

2. 2 2.8 2
t g1t X Xg *t A1 Xy K M X o

The least squares estimate of the parameters of this model are

ag follows:
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TABLE XXVI

ANALYSIS OF VARIANCE FOR EGG PRODUCTION

Source DF 88 MS F
Total 566 1,021,487.43
Treatment [80]
Protein(P) (2) 171,553.31
P, 1 160,485.95 160,485.95 137 ,.58+*
P, 1 11,067.36 11,067.36 9.49%
Energy(E) (2) 112,259.57
E, 1 111,372.87 111,372.87 95.48*
E, 1 886.70 886,70 .76
Weight(W) (2) 1,752.51
W, 1 1,635,38 1,635,.38 1,40
W, 1 117.13 117.13 .10
Volume(V) (2) 3,027.31
v, 1 1,190.93 1,190,93 1,02
A 1 1,836.38 1.836,38 1,57
Interaction (72)
PxE (&) 78,366.65 ‘ '
P, E, 1 69,235.43 69,235.43 59.35*
Py E, 1 5,905,78 5,905.78 5,06+
P, K 1 2,515,40 2,515.40
P, E ! 710,04 710,04
PxW 4 2,016.40 504,10
PxV 4 3,768.84 942,21
ExW (u') 59[3’09074
E W 1 4,792.86 4,792.86 B,11%
Fy W, 1 520,01 520,01
E, W 1 95,72 95.72
E, W 1 1,15 1.15
ExV 4 4,055.69 1,013.92
WxV b 3,492,78 873.20
PXxExW (8) 9,822.97
P, E, W, 1 238.10 238.10
P, E W, 1 2,220.96 2,220.96
P, B W, 1 828,01 828.01
P, E, VW 1 50,01 40,01
Pq Bg W, 1 4,160,110 b,160.10 7. 474
P, E, W 1 1,288,90 1,288,90
P By W 1 57.95 57.95
P, Ey Wy 1 988,96 988,96
PxExV (8) 16,332, 44
P, BV, 1 2,530.38 2,530,38 N
P E V, 1 4,803, 84 4,803, 8k 4,118%
P, Eb VL 1 5,856,20 5,856,20 5.021*
P, E YV, 1 2,008.01 2,008,01



TABLE XXVI (CONTINUED)
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Source DF Ss MS Fl
Py By V, 1 200,07 200,07
Py E Vq 1 333.40 333.40
P, By Vo 1 128,04 128,04
Py B Vo 1 472,51 472,51
PxWxV (8) 12,448.28
P, W, V, 1 375.01 375.01
Pp WV, 1 6,407.16 6,407.16 5.493*
P, W, V, 1 2,133,.67 2,133,67
P, W, YV, 1 830,34 830.34
P Wo V, 1 1,657.33 1,657.33
Py W, Vo 1 226,34 226,34
P, W, Vg 1 74k, 52 74y, 52
P, W Vg 1 73.91 73.91
ExWxV 8 8,785.16 1,098.15
PxExWxV (16) 21,514,06
P, B, W V, 1 670,32 670,32
Py E, W V, 1 165.76 165,76
P, B, W, V, 1 1,500.29 1,500.29
P, E W V, 1 210,58 210.58
PL B W Vg 1 3.05 3.05
P B W V, 1 39795.57 3,795.57 3.25%
Po B W Vy 1 4,259.11 4,259,11 3.65%
Py B, W, Vg 1 764,76 764,76
P By Wy V, 1 5,619.44 5,619.44 h,82*
P, By W, Vq 1 30.73 30.73
P, B Wy Vq 1 2,826.73 2,826.73
Fo Eg Wo V, 1 3,235.57 3,235.57 2.77*
Py By W, Vo 1 36.01 36,01
Py B, W, Vq 1 0,82 0.82
P, B Wy Vq 1 1,486.24 1,486.24
Py By Wy Vo 1  6.67 6.67
Error 486 566,891.72 1,166, 44
lyith 1 and 486 degrees of freedom the following probabilities hold:
F = 6,70 P < .01
F = 3,86 P< .05
F=2.75 P< .10
*Effect is included in the model for prediction purposes.
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— —_ -~ N
B 136.53
33000 20.61
39100 11,57
32000 - 9.35
31100 : 16.57
43100 - 8,38
33010 2.08
%210 = .92
3z101 - 1,04
33201 2,71
33011 - 2,70
3211 11.57
3121 = .89
Q1221 1.57
33221 - 5.95

~— - ~— —

The analysis of variance for this model is presented in Table XXVII.
From this table it appears that the parameters in the model bhave removed
all variation except random error. The Q: and T; - §: are calculated
and listed in Tables XAVIIT and XXIX, respectively. These two tables
of data are in agreement with the resulis of the analysis of wvariance
for this model. There are no obvious trends in these results which
would indicate that Egg Production Modél 1 would give predictions
different than the expected values. The half-normal plot of the

residual deviations is in Figure 7. This shows that variation not
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accounted for by the model is approaching a normal distribution.

TABLE XXVII

ANALYSIS OF VARIANCE OF EGG
PRODUCTION MODEL 1

Source DF 55 MS F
Total 567 10,648,299

R(w) 1 9,626,812

R(u,a) 15 10,001,787

R(a) 14 374,975 26,783.92 22,96(P < .01)
Residual 66 79,620 1,206.36 1,03

Error L86 566,891 1,166, 44

In order to eliminate some of the terms in the model, the hypothesis
that each parameter is equél to zero was tested. The results of this
test are given in Table XXX. As before, the effects fof which the
parameters are different from zero, with 95 percent confidence, are

included in Egg Production Model 2. The new model 15



TABLE XXVIII

PREDICTED- VALUES, AI. s FOR EGG PRODUCTION MODEL 1

57

13

Protein (Grams)

i | 16 19 |
1liliters Milliliters M llj.liters
-— 180 230 280 180 230 280 180 230 2aq
[
NF161.36 | 144,19 | 127.02 148,10 | 148.10 | 148.10 §156.72 |148.11 | 139,50
}8::‘31%.70 143,03 | 141.36 § 148.10 | 148,10 148,10 f 147.36 | 151.11 | 154,86
2 )
~ ¥ Slin1.90 | 1.8 | 1we.un f1us.10 | we.10] we.10f 1uk.98 {1sh.11 | 163,20
[+]
E_-—“Wﬂt - ]
I‘-‘ . . . . . Lt .
o I )
§ _ SJ105.95 | 108.65| 111.35] 136.53 | 136.53] 136.53] 143.01 | 145.71 | 148,41
g |5
: $t . P X
R3S d. . » ‘
L A c4106.57 | 106.57 | 106,57 § 136.53 136.53f 136,538 147.79 | 147.79 | 147.79
& |8
o |3
2 * o : ' ’
3 31 107.19 | 1o4.49 | 101.79] 136.53 | 136.53] 136.53] 152.57 { 149.87 | 147.17
8 !
el
2 | 8 91.30 | 7t.27] so.z2uf12u.96 | 124.96] 124.96] 153.94 | 14,47 | 129.00
g
AR ' ' Y
5\ o Y 73.86 | 70.11] 66.36] 124,96 | 124.96] 124,96} 142.80 | 1hh.b7 | 146,14
?P :
 © .
3] 72,24 | 68.95| 65.66] 124,96 | 124.96] 124961 142,20 147.47 | 152,74
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TABLE XXIX

- A :
Y, -Y, ; FOR EGG PRODUCTION
MODEL 1

58

13

Protein (Grams)

| i 16 19
Milliliters Milliliters “Milliliters
- 180 ] 230 280 180 230 280 230 280 % .
o , : ,
,af‘j -1.79f 9.10] -9.88 hosf -6.24) -1.24F 13.28 .89 | 12,21
g 4
1 3
o8 |
8 (
S (‘v‘\g 8,441 -23,03} .36 3.90f -3.67f 1.53§ -7.93 1§ 12.32 5,14
gﬂ i 2 X
2 . |
0] 2 B 1,27 -3.44Y0 7,04 6] 21,24 § U121 7,25 §  -.67
§ P § -.811 18.35 9l 4,18 9,76 -10.90} -5.15§ -2.57 § 19,70
£ 1
B SIS ol ‘
£ oAp, o8 16.71)  8.00% 5.86F -4.39] 10.90f 13.61] 18.92{ .1,08 | -25.36
& e
® ?
~ = .
Q o
ER 3 8.95| 14.,80{ -.22§ -7.67% 7.18] -7.96] -2.57} 17.13 | -6.17
"-8‘ DN . R A S PO T B
S 1
[ - X 4
=y 2.27] -10.704 -5.10% -39.250 -19.39§ 17.04§ 6.20§-24.33 § 11.71
; _
S5
Ajg o -h72p 1118 1,650 -4.100  2.33] -25.96§ 9.91 ) 1.53 1.15
5 4
()
= S : ’ L
2] -15.10f 11.04§ 3.63 3.79 25470 21.900f 9.66! 5.10 1 -8.17
A O RS S VA S AR L J
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TABLE XXX

CALCULATED t FOR THE ESTIMATED PARAMETERS OF

EGG PRODUCTION MODEL 1

60

Parameter  Estimate ¢4 Po,,' ¢ ¢ p*
" 136.53 .00529 6.38 2.526 54,0l
31000 20.61 .00265 3.20 1,789 11.52
2100 -11,57 00794 9.58 3.095 3. 74
32000 = 9035 -00794 9.58 3,095 3.02
3 100 - 8,38 ,01190 14,35 3,781 2,21
33010 2.08 -00397 4,79 2.188 .95
33210 .92 00595 7.18 2,679 o3
3101 - 1.0k .01786 21 .54 4,637 .22
33261 2,71 .01786 21, 54 4,637 .58
83011 2,70 .01786 21. 54 4,637 .58
8511 11,57 .02678 32,31 5,683 2,03
3121 =.89 . 02678 32,31 5,683 .16
33221 1,57 .02678 32,34 5.683 .27
3321 - 5.95 .00893 10.77 3.286 1.81

1R = 1206.36

*tuog = 2,00
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4 — R r"u ™
X 000
X 100
Y = x° 33000
X% 1100
% %% aémé
e nx %211
~—— . — -

When the parameters are re-estimated, the simpler prediction equation is

— = - ™
1 LA 136.53
% 20.61
%o 11,57
% = x? - 9.35
¥ ¥ 16,57
2% - 8.38
%257 % X, 8.88
— _,J ~— -—

The analysis of variance for th‘is‘model9 which is presented in Table
XXXI, indicates that for Egg Production Model 2 the residual sum of
squares appears to be entirely random error.

The predicted values, ?;9 and the residual deviations, Y, - @;9
are calculated and presented in Tables XXXII and XXXIIT, respectively.
The values in these tables indicate that Egg Production Model 2 should
do a reasonable job of prediction. The half-normal plot of the residual
deviations is in Figure 8. The result of this test shows that Egg
Production Model 2 is probably better for prediction purposes tﬁan
Model 1. The residuals in Model 2 appear more nearly to approximate

a normal distribution with a zero mean than those for Medel 1.
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TABLE XXXT

ANALYSIS OF VARIANCE OF EGG
PRODUCTION MODEL 2

Seurce DF 85 MS F
Total | 567 10,648,299

R(p) 1 9,626,812

R(u,a) 7 9,993,654

R(a) 6 366,815 61,135.83 51.67(P < ,01)
Residual 74 87,541 1,182,98 1,01

Error 486 566,891 1,166.44

In the analysis of egg production, Gleaves was not able to demonstrate
any interaction effect except for protein x energy. 1In the present
analysis, the 4-way interaction xlaxgaxbxg was significant at the 5
percent level of probability in each test. Since the prﬁtein,x energy
interaction is so strong, as demohstrated both by Gleaves and by the
present analysis, it is the author®’s opinien that this 4-way interaction
is primarily protein quadratic x energy quadratic. Just why volume and
weight show up in the same term is unexplainable with the data now
available. Future experiments will be necessary in order to understand
these results more fully.

Egg Weight: The analysis of varlance for egg weight is im Table
XXXIV. According to the procedure with the previous models, the effects
which were significant at the 10 percent 1e§el of probability are used
to make up Egg Weight Model 1. The prediction equation model is

therefore,



Metabolizable Energy (Kilocalories)

TABLE-

XXXIT

A
PREDICTED. VALUES, Y, , FOR EGG PRODUCTION MODEL 2

Protein (Grams)

13' 16 19 i
Milliliters Milliliters Milliliters
180 230 280 180 230 280 180 230 280
- o T N A A AR, 3
_ N 151.97{ 143.09] 134.21§ 148.10| 148,10 148.10f 159.52f 150,64 | 141,76 §
) ] , .
:
815 8 w3.09] 143.09] 183.0d 148.10] 148.1q 148.1q] 150.64f 150.64 | 150,64
ca
§ e
2 134,217 143.09] 151.9% 148.10] 148.1¢ 148.1Q 141,76 150.64| 159,52
_ Sl 106.57] 106.57 106.54 136.53] 136.53 136.53H 147,26 147.26 | 147.26
n
SIS K '
Al < 106.57] 106,57 106.57 136.53] 136.5] 136.5] 147.26] 147.26] 147.26
i
2 . ) | ' '
31 106.57] 106.57 106.57& 136.53] 136.53 136.59 147.26] 147,26} 147,26
& 78.931 70.050 61,14 126.96] 126,94 124.9¢ 153.29] 1b4.b1 | 135,53
o~
Q1S “f 70.05] 70.05] 70.05 124.96] 124,98 12b.9G bk bif 1uk.41 [ 14b.41
™ . : . :
%u .
* g& 61.17| 70.05| 78.9% 124.96] 124,94 124,98 135.53| 1bh.41} 153.29



TABLE

RESIDUAL DEVIATION, Y,

IXXIIT

A ' . .
~Y¢ » FOR EGG PRODUCTION
MODEL 2

13 16 19
© Milliliters Milliliters = Milliliters
: 180 230 280 180 230 280 180 230 280
. *_7 _ RN R A R — e
, § 7,60 {10.20 |-17.07f 4.04 | -6.24) -1.24 A8 1 1,681 9.95
8
ol & o |
Q= of 10.05 {-23.09 | -2.098 3.90 | -3.67]| -1.53| -11.21 12,791 9.36
o
Fk .
o
2o
j:,: 24 7.93 .05 [ -12.974 7.04 76| -21.248  -.90% -3.78] 3.05
m ' 1
e 1 S -« | 203 | 5.79] s8] 9.76] 10.90f 9.0 -4.12| 18,55
gile ] |
B, o f-16.71 | 8,00 5.868 -4.39 | 10.90f 13.61] 19.45 -.55¢ 24.83
CARE - .
§ 219,57 1 12,72 -5.00] -7.67 7.18] -7.96 2.74% 19,74 -6.26] |
3 ‘ ’
2 Ay‘? 14,64 | -9.48 | -16.03§ -39.25] -20.39] 17.04] 6.85] -27.27] 5.18{
- .
2|7 &) -10.91 | 11.24 5.908 -4.10] . 2.33] -25.96] 8.30 1.59] 2.88
NN N | 1
T8 -4.03 9.95 -9.64F 3.75 25.471 21.90] 16.33 8.16] -8.72}

Protein (Grams)

L
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TABLE XXXIV

ANALYSIS OF VARIANCE OF EGG WEIGHT

Source DF ss MS Fl
Total 566 5,061,540
Treatment £80]
Protein(P) (2) 473.01
P, 1 431,96 431.96 56. 18+
B, 1 1,08 1,04 5,34
Energy(E) (2) 177.00
E, 1 175,04 175 .0l 22,76+
B, 1 1.96 1.96 .25
Weight (W) (2) 32.13 _
W, 1 17.55 17.5% 2.28
W, 1 14,57 14,57 1.89
Volume(V) (2) ig by -
v, 1 1.08 1.08 0.14
A 1 18.38 18.38 2.39
Interactien (72
PxE (&) 150,56
P, E 1 115,14 115,14 14,97%
P, B, 1 7.2 7,28
P Ey 1 27 .04 27 .04 3.51%
P, K 1 1.14 1,14
PxW i 2.31 .58
PxV (&) 30,56
PV, 1 3.47 3.47
P, ¥, 1 2k, 60 2,60 3,19%
P, Vg 1 2,05 2,05
P Vg 1 6t .6l
ExW 24 7.94 1.98
ExV {(4) 34, 50
E V, 1 15.70 15,70 2,09
E, V, 1 9.62 9.62
E, ¥, 1 3.92 3.92
B, V, 1 5.26 5.26
WxV b 20,27 5.07
PxExW (8) 66,65 .
P, B, W 1 49 .40 49,40 6. 2%
P, E, W, 1 .22 .22
P B W i 6.81 6.81
P, E 1 1,17 1,19
Py E W, g 2,18 2,18
P, E W 1 .07 4,07
P, E, W 1 .81 .81
Py By Wy 1 1,99 1,99
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TABLE XXXIV (CONTINUED)

Source DF S8 : MS F1
PxExV (8) 63,61
P, B V, 1 19,47 19,47
Py BV, 1 1,42 1,42
P, B ¥, 1 6.13 6.13
P E Vq 1 3.53 3.53
Py Fy V, 1 20,20 20,20 2.62
P, E Vo 1 4,68 4,68
P, By Vy 1 .29 .29
Py Fy Vg 1 7.89 7.89
PxWxV 8 16,44 2,05
ExWxV (8) 104,00
B, WV, 1 13.48 13,48
B, W, V, 1 .16 .16
E VW V, 1 10,86 10.86
E W, Vg 1 14,67 14,67
B, Wy V, 1 54,32 54,32 7.,06%
By W, Vg 1 7.57 7.57
E W, Vqy 1 2,84 2.84
By Wy Vg 1 .10 .10
PxExWxV (16) 126.78
P, B W, V, 1 8.25 8.25
Py E, W, V, 1 7.50 7.50
P, Eg W, V, 1 9.53 9.53
P, E WV, 1 3.68 3.68
P, E W Y, 1 210 .10
Pg By WV, 1 8. 47 8,47
P, B, W V, 1 2.38 2,38
Py B W, Vg 1 23.65 23.65 3.07%
P, Eq Wy ¥, 1 .30 .30
P By W, Vg i 5.37 5.37 _
F, B W, Vg 1 45,34 b5, 34 5,B9%
Py By Wy V, 1 8.63 8.63
Py By W, Vg 1 49 49
P, B, Wy Vg 1 .05 .05
P, By Wy Vo 1 48 48
Py Ey Wy Vg 1 2.06 2,06
Error 486 3,736,.46 7 .69

1With i and 486 degrees of freedom, the following probabilities hold:

F = 6,70 P< .01
F = 3.86 P < .05
F=2.75 P< .10

*Effect is included in the model for prediction purposes.
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L =y + 3000% + 2100% * 000K T fiooX X
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18006 X % Bop1 ¥ X 13108 Xp XKy
2 2 2 2
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2.2
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The least sguares estimates of the parameters are

— - — ~—
I-L 53.98
31600 69
8100 -.68
32660 =057
31100 <95
21200 = 057
33001 33
81110 o 5l
Boza1 ' =45
Q3312 =036

ity _ ;062/

The analysis of variance of Egg Welght Model L is ianable XXXV,
The results of this analysis show that the residual sum of squares is
probably nothing more than yamdom error, and that the parameters of the
model account for all of the significant variation in egg weight.

The predicted valués-for Egg Weight M@del'i are listed in Table
XXXVI. The trends of these values correspond clogely to those of the
means. This can be seen in the residual deviations, ¥y - @;9 which are
in Table XXXVII. There is mo indication from either of these two tables
that, for Egg Weight Model 1, the predicted values would not be similar

to the observed values in a future experiment. The half-normal plot of
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the residual deviations in Figure 9 indicates that the residuals have a

distribution similar to that of a normal distribution.

TABLE XXXV

ANALYSIS OF VARIANCE OF EGG

WEIGHT MODEL 1

Source DF S8 MS F
Total 567 1,634,297.73

R(w) 1 1,629,236.34

R(psbsa) 11 1,630,141.39

R(b,#) 10 905.05 90.5 15,08(P < .01)
Residual 70 419.88 6,00 .78

Error 486 3,736.46 7.69

The eale@lated t for each of the parameters of Egg Weight Model 1 are

listed in Table XXXVIII. By choosing the parameters which are significant

at the 5 percent level of probability, Egg Weight Model 2 becomes

This model is similar to that of Egg Production Model 2.
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This is

to be expected, since the egg welght means followed the same patterm as
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XXxvI

A
PREDICTED VALUES, Yy , FOR EGG WEIGHT MODEL 1

70

Metabolizable Energy (Kilocalories)

13

Protein (Grams)

16 19
Milliliters Milliliters Milliliters
180 230 280 180 230 280 180 L_23o 280
ctunpu— R AR RN PRI A .
8 52,38 153.24 | 52.14§ 55.11) 58.66 | sw.21 § 55.32 { 54.9% | 55.08
5]
8
of 8 o
8T s3.65 [ 53.78 | shuti ] sh.66] sh.66 | su.66 ) 5h.07 | Sh.bo | 5473
£ ;
o ,
2 o ' ,

20 on.18 | 432 | 53.94 0 55.11 s4.66 | su.21 f s4.96 | 53.86 | s4.72
& s2.39 | 5272 | s3.05)  53.98] 53.98 | 53.98f 53.77 | s.10 | sk.43
g S

ol 3 . ' ' '
RIT Q) s2.39 | s2.72 | 53.050 53.98] 53.98 | 53.98) 53.77 | sk.10 | 5k.k3
®

SY s2.39 | s2.72 | s3.05] s3.98 53.98 | 53.98] 53.77| sh.i0 | sk
NS PSRRI -_7‘ —— L
& s2.16 | st.06 | s1.92f 53.79 53.30 | 52.85] sk.26] su.bo | 502
[} .

g
E T
ZIS 8 s0.19 | s0.52 | s0.85] 53.3q 53.30 | 53.30§ 54.61) 5494 | 55.27
®
‘g .
| g 50,36 § 49.98 | 50.12% 53.79 53.30 | 52.85§ 54.62f 55.48 | 54.38




71

TABLE XXXVII

—

RESTDUAL DEVIATIONS, Y. -?B » FOR EGG WEIGHT
. MODEL 1

Protein (Grams)

L) . 16 19
Milliliters Milliliters Milliliters
180 230 280 180 i 230 280 180 230 , 280
v pE—— PR PR S R b
— §I -7l 1.30 .32 Rt B! .95 1 -1.29 A5 .82
(¢}
O i~
S £ ] -.56 | -1.70 .28 T3 <53 | =33 -.10 .50 | ~1.69
e
2 ,
0) ‘:-5 -.26 | 1.25 1,090 I3t | -.42 871 .55 .04
E S S s ST
g A -.85 § 1,36 | 1.28 -.82 -.951 - .51 ] 0] -.161 .3t
%) -
~ | 9
(4] . . .
B e~ ol ,
g o jéo 0 S 12 -.51 -.h8 2.29] -.92 .01 1.32 39 -1.80
& - :
e = ‘ . ‘
] [ow : .
8 = N 78 1 .25 -38 -.on| 2,221 ..26] -.46 .08
. B s 1 100 | 06 ] .83 3] -195)  .10f 9k .35
v g : .
% 8 ‘l; a?l | 02‘+ -165 --53 ,-089 . "1106 ﬁ038 -.91 n923
1 ‘ 1
(Y]
Ll 8 X
2 , o ,
g 1,07 | =.28 .37 1,24 -.,36| -.35 57, 65| 1.12
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TABLE XXXVIII

CALCULATED t FOR ESTIMATED PARAMETERS
OF EGG WEIGHT MODEL 1

Parameter Estimated Gy ’ Gze“ ! \/%’Tc-::? t*
" 53.98 .00529 0418 204 264,09
21000 .69 - 00794 .0627 . 2504 2.75
86100 .68 . 00265 .0209 1445 4,70
3000 -o57 .00794 . 0627 - 2504 2,27
21100 .95 00714 .0564 . 2374 4,00
31200 .57 .01190 .0940 .3066 1.85
82001 .33 .00564 0445 .2109 1,56
31110 .5k .00595 . 0470 .2168 2,49
20231 -5 . 00846 . 0668 . 2584 1,74
3112 ».36 .00893 .0705 .2655 1.35
31132 -.62 01607 127 .3563 1,74

1% = 7.9

*L.q = 2,648

i

1,994

t°05



egg production,

The least squares

‘results in the following equation:

&3>

The analysis of variance of this model is
in this table indicate that Egg Welght Medel 2
tion purposes as Model 1. The residual sum of

to random error.
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estimate of the new egg weight model

/‘

o

TN

53.98
1,07
-.68
=o57
.67

o 54
-

in Table XXXIX,  The results
is just as good for predic-
squares appears to be due

The predicted values for the equation from this meodel

are listed in Table XL:and the residual deviations are listed in Table XLI.

The data in these two tables indicate that the prediction equation is

reasonably good.

The half-normal plot in Figure 10 shows that the resid-

val is not distributed as close to normal as in the case of Egg Weight

Model 1.
TABLE XXXIX

ANALYSIS OF VARIANCE OF EGG WEIGHT MODEL 2
Source DF SS MS F
Total 567 1,634,297
R(p) 1 1,629,236
R{p,a) 6 1,630,048
R(a) 5 812 162.31 23.73(P < ,01)
Residual 75 513 6.84 -89
Error- 486 3,736 7.69




TABLE XL

PREDICTED VALUES, i » FOR EGG WEIGHT MODEL 2

75

Metabolizable Energy (Kilocalories)

Protein {Grams)

13 16 19
Milliliters Milliliters ‘Milliliters
- 180 230 280 180 230 280 180 230 280
T . . ’
NY 53.15 § 53.15| 53.15§ 54.66 | 54.66 | 54.66§ 55.03 ! 55.03 | 55.03
? X .
8
' oo~
SIS} 53.69 | 53.69] 53.69] 54.66 | 54.66 | 54,66F 54.49 1 5449 | Sh.49
N
% o |
F2) su.23 i s4.23| su.23] su.66 | su.66 | s4.66 53.95{ 53.95 | 53.95.
O B e o iy ey prsssmenll
1 8 5230 | 52,38 s2.34) 53.98{ 53.98 | 53.98) sk.u8| sk.48 | 5.8 - )
‘o ol ‘ E , ,
& = D8 s52.34 | 52.34] 52,340 53.98| 53.98 | 53.98] 54.48] 54.48 | 54.48
X
3] se.u| s2m| sz s3.98] 53.98°1 53.98] sk.us| sk.us | k.48
ol st.s3) st.s3) st.s3f s3.30] 5330 s3.30f 53.93 53.93 53.93{
g
I &L s0.99 | 50.99] 50.998 53.30] 53.30§ 53.30] sk.ur sw.b7 § sk.b7.
2 .
1 so.u5] 5045
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TABLE XLI

RESIDUAL DEVIATIONS, ¥, -f,, FOR EGG WEIGHT
MODEL 2

Protein (Grams)

16 | 19 i

13
Milliliters Milliliters Milliliters
180 230 280 180 230 280 180 230 280
AN _ L PR
N .
~§ _1.53 | 1.39 | -.69 -.56 A1 .50 § -1.00 .36 .87
;
Q{ SO o~
B~y -.80|-t.70 .70 .73 .53 -3 -.52 A1l a1us
gr
el
2o
~ =1 B A RV .96 1.54 31 -.87§ 1.887 -.64 .81
1] .
g——“-"——m  ——— g
o & ‘
3 NY .80 -.98 | 1.99 -.82[ -.9% I8 T S N .26
3 ) : ‘
kot 8
&
B 3= & 1 2 2.2 2 o1 61 o1 | -1.8
g AT - .50 § .13 .23 291 -.9 . . . -1.85
A )
wd
L@ (] | .
] =
§ 2 2 ) 1.6 .96 -.381 -.ob 2.22)  -.4s5) -.84 .03
S :
‘g—m_ SR e PR N AR
3|8 |
= {_ -1 1.08] -1.47 33§ 1.27 431 -2.40 31 -.w7 b
]
o 1
210 -9 -z -9 ] -s3]| -.89| -t.os] -] - | 103
kS
®
= o
3 981 .75 .04 1.69] -.36 .80 .18 1.12 49
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Quadratic Model

The prediction equations to this point in the chapter were developed
with the idea of using any orz;11 of the effeetsnbf the dietary factors
which were included in the experiment plus any of the interaction effects
which could be tested by orthogonal compariéons° For prediction purposés
'oﬁlyg these equations are valid. But from the standpoint of functional
relationships they are invalid. In order to make any statements concern-
ing functional relatiomnships from equations of the type in this chapter,
the degree of any term in the functions must not be greater than one less
than the numbef of levels of each factor in the experimento In the
experiment from which these data came, there were three levels of each
factor. Therefore, the hiéhest degree that any term can be in the
equations ahd,still be valid from a funetional relationship standpoint
is two. This means that, in a prediction eguatioen developed in this
thesis, if ihe exponents of any term sum to three or greater, the
equation is invalid from the s?andpoint of function relationships. Since
thé models thus far were de#igned for prediction purposes only, the
equations with terms which are greater than the second degree present
no problem.

With the data used in this study, the model which will account for
the maxi@ﬁm number of dietary effects and still be considered valid
frém the standpoint of functional relationships is-a full quadratic.

The general quadratic model is

Y=p+Ibx + I ;xx +e
1%y

In order to understand fully the actien and interaction of physio-

logical food intake regulaters in laying hens, it will be necessary to
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understand the functional relationships between and among the various
dietary factors, environmental factors and production responses. The
full quadratic model, due to the nature of it; is not only suited to
the study of various functional relationships in this case but it is
the most convenient model which will allow for a multiple response
© analysis. For this reason, four of the five responses (protein intake,
energy intake, egg production, and egg weight) studied previously in
this chapter are fitted to the quadratic model.

It is assumed, in the model, that e~N(0,0° ); therefore, the same
tests for goodness of fit that were performed for the previous models
can be performed on the quadratic response functions. The parameters

for the specific quadratic model,

Y=p+hx +bhX +hX +bhX +a3xu% +aXk
ta1aXaXy tasXeXg taieX tagiXX + a1 %°

+ Gga¥p” + Bsa3¥e” + UeXe"

are estimated for each response. After each response equation the
residual sum of squares is calculated and tested. Then the predicted
values and residual deviations are calculated and a half-normal plot

is made of the residual deviations. The responses will be taken in the
same order as before; however, body weight change is omitted.

Protein Intake: The quadratic response equation for protein

intake is
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~ ™ -~ =~
1 v 13.35
Xy 3.08
p =203
% - .023
X ‘ - <277
X X .199
‘Xixb - .031
gl = X)X 067
X% X3 .198
Xo Xy 041
X3 X4 - 079
% 2 b' - .086
%2 - .211
% .160

- 342_,/ - 004%—/

The analysis of variance for this equationm is in Table XLII. This
analysis indicates that the guadratic model accounts for the majority
of the variance not due to random error.

The predicted values and the residual deviations are given in
Tables XLIII and XLIV, respectively. From the data in these two tables,
like that from the previous tables of similar data, one can tell only
‘that the predicted values follow the same trends as the observed values.,
The half-normal plot of the residual deviations in Figure 11 shows
considerable deviation from the normal distribution. For this reason it
is concluded that the quadratic model does not adequately describe the

response of protein intake as obtained in this experiment.
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TABLE XLIT

ANALYSTIS OF VARIANCE OF PROTEIN
INTAKE WITH QUADRATIC MODEL

Source DF S5 MS F
Total 567 105,880,84

R(w) 1 99,295.53

R(p sb,a) 15 104,505.49

R(b,a) 14 5,209.96 372.14 117.02
Residual 66 209.82 3.18 1,33
Error L86 7 1,165.53 2.40

Energy Intake: The quadratic response equation for energy intake is

— —~ — —
1 8 . 252,34
X3 13,99
}% o= 7002
Xg - o101
% \ = 5.45
X3 % | 12,88
Xy Xa - 019
A .
Y = X3 Xg 2,19
Xo X4 480
Xa Xy - 1.74
x° - 3.59
% ' - 9.28
%® 2.78
a .
Xy - 1.21
— —  r— ,/J



Metapolizavie Energy (Kilocalories)

TABLE XLIII

PREDICTED VALUES, Y, , FOR PROTEIN INTAKE
WITH QUADRATIC MODEL

82

Protein (Grams)

13 16 19
Milliliters Milliliters Milliliters
180 230 | 280 180 230 280 180 230 280

TR ST ST

&

~1 12.81 | 12.58] 12,20} 15.74 | 15.55 |15.27 | 18.51 | 18.37 [ 18.16
\gu.‘f.‘ 12.53 | 12.19] 11.76 ] 15.44 | 15.17 | 14.81 18.17 | 17.97 | 17.67
£

T

'—”g 12.59 | 12.16] 11.66] 15.46 | 15.10 | 14.67 } 18.16 | 17.87 | 17.50
A R T AT T | T -,

| & 10.56 | 10.33] t0.02 13.69 | 13.53 | 13.29 | 16.66| 16.56 | 16.39
ngb-
SI= & 10.48 | 10.18| 9.79] 13.59 | 13.35 | 13.03 | 16.52] 16.35 | 16.10
gﬁ_

?

='g 10.73 | 10.35{ 9.88] 13.80| 13.48 | 13.09 | 16.70| 16,45 | 16.13
PTETY b e A

§ 7.88 7.7200 7.43] 11.21] 11.10 | 10.90 | 14.37] 14.32 | 14.20
§3§ .ot | 7.75| 7.0f 11.3t] 1111 ] to.8e | wwse| 1831 | 1410
B

°

:'5_;- 8.45 8.1 7.69] 11.72] 1t.45) 11,09 | 14.82| 14,62 14.33
-——-——-_“—_d—-—'




Metabolizable Emergy (Kilocalories)

TABLE XLIV

A
RESTIDUAL DEVIATIONS, Y, -Y, , FOR PROTEIN INTAKE
WITH QUADRATIC MODEL
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Protein (Grams)

13 16 19
Milliliters Milliliters Milliliters
a 180 | 230 280 | 180 230 280 | 180 | 230 280
] T | -2t .18 .26 .16 .85 -.07? 12
835 .07 -1.38 .39 -.07 -.39 .13 -.80 .86 .23
s
)
dt“'-
gi .06 .16 | -.01 1,10 .21 Ab F o4 <10 .50
T A T VT T e S MRS L TGS TR o
St .03 -.01 .26 | 1.00 st b wili? ¥ w5 R, ) )
:
SIS &l .82 | -au | .26 ] .68 b5 |92 | 26| .69
e
F=
b
2 o
a1 .59 60 | ~.61 §-1.22 26l 28] <53 02 Y. il
P R P G L T eSS e i TSRS S RO T
N -.19 At Fa1.06 .54 .08 T (RN .19
EI‘.\
gl. o] .06 Al dslaas o cofdnl sl -9
Bl i)
°
-
= -..9“ -.39 —.63 -‘13 1009 1.13 189 079 -'98
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The analysis of variance for this function is in Table XLV. The
sizeg of the mean squares im this Table show that the quadratic model

removes the greater portions of the varliance due to treatment.

TABLE XLV

ANALYSIS OF VARIANCE OF ENERGY INTAKE
WITH THE QUADRATIC MODEL

Source DF S8 MS F
Total 567 3,688,311

R(p) 1 33,978,338

R{u,b,a) i5 34 142 343

Rib,a) 14 164,005 11,714 .65 9,70
Residual 66 79,694 1,207,.48 1.26
Error 486 B66 274 959.41

The predicted values, @;9 and the residual deviatioms, Y, - §;9 are
listed in Tables XLVI and XIVII, respectively. Altbough these values
have the same general trend as the treatment means, the bhalf-normal plet
(Figure 12) of the residuals gives a similar picture as that for pretein
intake with the guadratic M©delo‘ Part of the residuals seem to follew
the normal distributien, but this trend is not consistent. This is an
indication that the quadratic wmedel does net adequately describe the
distribution of the energy intake response.

Egg Productions The response equation for egg production with the

guadratic model is



TABLE XLVI

A

PREDICTED VALUES, Y, , FOR ENERGY INTAKE WITH
THE QUADRATIC MODEL

86

Metabolizable Energy (Kilocalories)

Protein (CGrams)

13 16 19
Milliliters Millillters Milliliters
180 | 230 | 280 ) 180 | 230 | 280 ) 180 ] 230 | 280
&
'] 256.68] 251.52 | 243.92 ] 259.20 |256.23 | 250.83 | 254.53 | 253.75 | 250.55
8|7 9f 252.28 245.37 | 236.04 | 254.78 [250.07 | 242.93 | 250.10 | 247.58 | 242.63
8
Ce
= 81 253, 20,79 | 233.71 | 255.92 | 249.47 | 240,58 251,22 | 2u6.96 | 2u0.27
T T L T T T N R T S T R ST ST RS I T T AT
£ ' |
= 2w2.31] 237.62 | 230.51 § 257.71 | 255.22 | 250.30f 265.92 | 265.63 | 262.90
Q| Y 241.19] 234.76 | 225.90 ) 256.57 | 252.34 | 245.68) 264.77 | 262.73 | 258.27
@
2
S| 2u5.62] 237.45 | 226.85] 260.99 | 255.02 | 26.61] 269.18 | 265.39 | 259.19
ﬁ& 209.36| 205.16 | 198,52} 237.65 | 235.64 | 231.20] 258.75 | 256.93 | 256.69
&
2| =] 211.52| 205.57 | 197.20f 239.79 | 236.04 | 229.86] 260.87 | 259.32 | 255.33
X
:= :
1 219.23] 211,54 | 201,42 247,49 | 241,99 | 234.07] 268.56 | 265.25 | 259.53
Y T YT T T TS e TS & P R L T R N S P T S




TABLE XLVII

RESIDUAL DEVIATIONS, Y,-%,, FOR ENERGY INTAKE
WITH THE QUADRATIC MODEL

87

Protein (Grams)

13 16 19
Milliliters Milliliters Milliliters
180 230 280 180 230 280 180 230 280
Sl-s.25 | 7.62 | -2.92) 1.37 | -5.8 | 1.7 ] wseos | -.18 [ 3.02
@,
8
8|8l 1.15 |-27.80 | 8.39] -2.92 | -7.93| t.50) -9.10| 13.28 | -.77
i
=]
-
0 355 1.13 | 3.35 881 15.37 1.10| 2.13§-12.36| -.67 9.02
ﬁ e e T =res s
S R
8 | S 12| .9 | s.63] 19.58 | -16.79]| -8.59) 9.35| -6.92 | 8.5
E |
of o
?R:g 18.67 | -3.9 5.39) 12,72 7.951 L4.46] 13.66 | -6.02 | -12.13
& |&
© ®
= o
q f.-g' 14,81 | 16,69 |-13.42]-23.99 | -5.45| -4.75§ -11.18| -3.10 | -5.48
o
g_— TR T ™ S T A VI e
£ I8
2 | =) 6.5 | -7.87 | us.91]-20.79| 12.93| 3.51] 16.52|-18.64 | 3.45
gb-
218l .19 | 19.57 o] -21.93 67| -20.57) -4.16| -4.03 | 12.81
B
gt»
24.22.09 | -8.54 |-15.99} -.06| 25.58] =27.07] -15.30{-13.18 | 18.39
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1 ) : 140,25 )
X3 20,61
% =17.16
%3 2,08
Xy = 1.77
Xy X i6.57
XX 2,08
§, = % X -353
Xo X3 b.36
Xo Xa ' 1.46
X3 Xg 1.45
x° - 9.35
%° - 2,72
% 2 ; .968
%2 - 3.82
C N - s -

The analysis of variance for this model is im Table XLVIII. The
residual sum of squares im this analysis appears to be no different
than the error sum of squares.

The predicted values and residual deviations for egg production
with the quadratic model are given in Tables XLIX and L, respeétively°
The half-normal plot of the residuals is in Figure 13. It appears
from this figure that the residuals are not distributed normally. The
picture is somewhat like that of proteim and energy intake with the
quadratic model. Therefore, it is assumed that the quadratic model does
not describe the distributien of the egg productien responses im this

experiment.
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TABLE XLVIII

ANALYSTS OF VARIANCE OF EGG PRODUCTION

WITH THE QUADRATIC MODEL

Source DF S8 MS F
Total 567 10,648,299

R(w) 1 9,626,812

R{p,bsa) 15 9,991,619

R(b,a) 14 364,807 26,057, 64 19.15
Residual 66 89,789 1,360.44 1,17
Error u86 566,891 1,166.44

Egg Welght: The response function for egg weight with the quadratic

model is r-l - V ,-53059 —_

Xy 1.07
X - 680
X 0215
X = 053
XX 673
X3 % - 0031‘

Y, = Xy X - 117
X2 X3 = 017
XX = o249
%%y - .157
% - 2572
%2 - o126
%2 o340
x> .382




TABLE
A

XLIX

PREDICTED VALUES, Y, , FOR EGG PRODUCTION
WITH THE QUADRATIC MODEL
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300 | 260

Metabolizable Energy (Kilocalories)

Protein (Grams)

13 16 19
Milliliters Milliliters Milliliters
180 230 280 | 180 230 280 180 230 280
ST T i

[

NHiu7.85 1146.63 | 137.78] 158.80 |157.94 | 149.44 § 151,05 | 150.54 | 142.39
i
S M iu1.07 (141,30 | 133.90] 158.10 |154.68 | 147.64 ] 148,43 | 149.37 | 142.67
£
b0
o
= 21136.23 [137.91 | 131.96] 151.33 |153.37 | 147.78] 147.75 | 150,14 | 144.89
ST Tty T, T T T T S IO N M I, S N R e ety )

§1111,02 [111.26 | 103.86] 133.55 | 139.14 | 132.09] 147.37 | 148.32 | 141.63
S &) 108.60 [110.29 | 1o4.3u] 138.26 | 140.25 | 134.65) 149.11 | 151.51 | 146.26
£
®
”%‘ 108.11 |111.26 | 106.76] 139.80 | 143.29 | 139.16] 152.78| 156.63 | 152.85
_““__—

Sl 68.74 | 70.44 | 64.50] 112.85| 114.89 | 109.30; 138.25| 140.65 | 135.41
S&| 70.69| 73.83 | 69.3u) 116.87 | 120.36 116.231 144,35 | 148,20 | 144,42
£
[
®
=S| ou.s6| 79.16 | 76.12] 122.82) 127.77 125.o] 152.38| 157.69 | 155.35
e T b




TABLE L

- A
RESTDUAL DEVIATIONS, Y,-Y,, FOR EGG PRODUCTION
WITH THE QUADRATIC MODEL
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Protein (Grams)

13 16 19
Milliliters Milliliters Milliliters
180 | 230 280 180 230 280 180 230 280
= T R S R TEE T  TET Y T T ST AV P, PRI [ PN
QY 11.72 | 6.66 |-20.6u] -6.66 |-16.08 | -2.58] 8.95| -1.58] 10.86
N
§8E.‘ 12,07 |-21.30 7.10§ -2.10 |-10.25 | -1.07] -9.00 | 14,06 17.33
2
e
B o
- =21 s5.91 ] 5.23 7,044 13.81 | -6.51 | -20.92} -6.89| -3.28| 17.68
13__“_—_
-
§ § -5.88 | 15,74 8.43] 2.16| 7.15 | 15.34] -9.51| -5.18| -12.92
- —~
2 |8
|
B 3ISH] 18,78 | 4.28 | 8.09] -6.12| 7.18 | 15.49) 17.6 | -b.80f -23.83
@ el
=]
a4 1%
L] @
~ = -
E 21 8.03| 8.03 | -5.19] -10.9% 42| 10.58) -2.78| 10.37] -11.85
g-_*_ _“_
3
S § 24.83 | -9.87 | -19.36} -27.14| -9.32 | 32.70] 21.89| -23.51] 5.30
g
5o
%:9 -11.55| 7.46 | -4.63] 3.99| 6.93| -17.23] 8.36] -2.20 2.87
o\
®
i
b -1?.“2 .5‘+ -6.83 5-89 -22-66 -21.?’? -.52 "5[12 -10.?8
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The analysis of variance for this function is in Table LI. This
analysis shows that the treatment variation removed by the model is

highly significant (P < .01), and that the residual variation is non-

significant.

TABLE LI

ANALYSIS OF VARIANCE OF EGG WEIGHT
WITH THE QUADRATIC MODEL

Source DF SS MS F
Total 567 1,634,297
R(w) 1 1,629,236
R(p. sbya) 15 1:6309077
R(b,a) 14 841 60.07 8.19
Residual 66 L84 7.33 .95
Error 486 3,736 7.69

The predicted values and the residual deviations for this equation
are listed in Tables LII and LIII, respectively. The half-normal plot of
the residuals is in Figure 14. The data in this graph show that the
quadratic probably fits the data for egg weight better than any of the
responses tested. The residual deviations appear to follow a normal
curve very well.

It was mentioned at the beginning of this section that the quadratic
model was the best to use if a multiple response analysis was anticipated.
A condition necessary for this type of analysis of the quadratic distri-

bution is that at least one of the quadratic forms be positive definite



PREDICTED VALUES, ﬁ s FOR EGG WEIGHT

TABLE LII

WITH THE QUADRATIC MODEL
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13 16 19
Milliliters Milliliters Milliliters
180 230 280 180 230 280 180 230 280
e L
&
~1 53.16 | 53.25 | s4.10 | sS4.27 | 54.25 | 54.98 | S4.25| S4.10 | 54.72
~§~‘§§ s3.2 | 53.17 | 53.87 | su.32 | su.as | su.72 | sh.27| 53.97 | su.43
)
i
- g% 54.00 | 53.78 | 54.32 | 55.06 | 54.71 | 55.14 B sS54.97] 54.51 | s54.81
o
I:'——__-I-—q—
-
g ,\5 52.20 | 52.04 | 52.64 | 53.99| 53.71 | 54.20 Sh.64| 54.24 5&.61
= g
= [
B glER
émv«« 52.26 | 51.9% | 52.39 | 54.02| 53.59 | 53.92 § 54.64| 54.08 | 54.30
A
L]
oL
g =21 53.01 | 52.53 | 52.82 | 54.74| S4.14 | 54.31 55.32| 54.61 | 54.66
i
—
B_“_ T
§ I B
= _~) 50.98 1 50.57 | 50.93 | 53.45| 52.92 | 53.16 | 5.77| 54.12| sk.24
8
e
3:9 51,03 | 50.46 | 50.66 | 53.47| 52.78 | 52.86 ] 54.75| 53.95| 53.91
%
2
%‘ 51,76 | si.04 | 51,07 s4.,16| 53.32| 53.24 55,421 54,46 54,26
SR T A LY VI S YRR Tt

Protein (Grams)




Metabolizable Energy (Kilocalories)

TABLE LIIT

A

RESIDUAL DEVIATIONS, Y -Y, , FOR EGG WEIGHT
WITH THE QUADRATIC MODEL
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Protein (Grams)

13 16 19
Milliliters Milliliters Milliliters
180 230 280 180 230 280 180 230 280
o
SR <152 1 1,29 § .16 vl .52 18 § -.22 | 1.29 1.18
i
S0y <35 ] 1.8 .52 $,07 I 0 =30k .90 .93 | -1.39
18
- 4
o O~
= -5k .28 .87 1.14 .26 -.93 .86 | -1.20 -.05
L
&
- .66 -.68 | 1.69 -.83| -.68 298 -.57 | -.30 .13
Dgt\-
=1 ) .58 .27 .18 2,25 -.53 .07 45 M1 | 1,67
£
b5
L]
=
2 .05 .97 .48 a;80%F <20 1,807 <1.29 | .97 -.15
W =
BF 1881 okt .93 1,12 .81 2,26 | -1 | -.66 .23
gé‘lﬁ ~e13 30 | -.46 &0 Sl sy w2 .08 1.60
= i
5
b
2
- e 8 S, .58 .83 :3B| 1,121 «.23 1.67 1,24
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(Antle, 1962). An inspection of the quadratic equations in this section
reveals that none of them is positive definite. This was not unexpected

after the tests for goodness of fit showed that the gquadratic model did

not fit the data to any great extent.



CHAPTER III

PREDICTION OF NUTRIENT INTAKE BASED UPON

DIETARY AND PRODUCTION FACTCRS

In Chapter II, only dietary factors were considered when response
functions were developed. However, it is known that there are many
factors other than dietary factors which can and do affect feed intake
and production responses in 1éying hens. It was well established by
Gleaves that there is a close relationship between egg production and
feed intake. This was determined by selecting hens from each treatment
which had bhigh egg production and hens which had low egg production.
Then egg production was used as anether féetor in the analysis of
variance. It is very likely that other prodﬁqtionbfactors are of great
importance also in the study of feed intake. The purpose of this
chapter is to study the relationship of egg prqduction and body weight
change to the intake of protein and energy froﬁbleaSF squares estimates

of prediction equations.
"Covariance Model"

The term covariance is used here only because the model which is
used looks like a covariance model. The model is as follows:
YT=p +BE+BW+bhx +hp +bhX +bhx
taXiR + Q13X t 34X K T 33X t XX

+ XXy + A11K° + Bga¥p” + Gag¥a© + 84X’

99
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where E is the observed number of eggs and W 1s observed body weight
change., The model contains egg production and body weiéht change along
with dietary protein, dietary enérgy9 dietary weight and dietary volume
in the quadratic form., If thelproduction factors were independent of
the dietary factors, this would be a true covariance model with the
production factors as the covariables. However, fof obvious reasons
they are not independent, and a covariance analysis in the strict sense
cannot be made.

In order to design inteiligently a future experiment to study the
relationship between production factors and nutrient intake, it would be
advantageous to obtain as much information as possible from data
presently available. Therefore, this so-called "covariance model" is
used by considering the production factors as predicting variables
instead of covariables. The quadratic model is used with the
antieipation of obtaining some clue as to why it did not fit the response
distributions as presented in Chapter II. The predicting variables, egg
production and body weight change, will be considered separately and in

combination.

Egg Production Effect: When Y is protein intake per bird per day

and egg production is used as the predicting variable, the least squares
estimates of the parameters in the model results in the following
equations
%gﬁjz 9.66 + ,026E + 2,54% - 1.57% - .078% - .231x,
- 288X % - .086x3% + 057X %, + .083% %
+ ,0026% %, -~ 117% X, + .161x° - °1;-;9:%"

+ .135%% + .059%,®
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The analysis of variance of protein intake with this model is
presented in Table LIV. As expected, the sum of squares for egg produc-
tion is bighly significant (P < .01). An important thing here is the
effect that the variable, egg production, had upon the parameters in
the quadratic portion of the model. The parameters of this model, the
straight quadratic model, for protein intake are compared in Table LV.
It can readily be seen that some of the parameters are quite different
as a result of egg production. One major difference can be seen as a
result of the t tests in Table LV. The coefficient for protein x
energy interaction bhas a reversal in sign and is significant (P < .01)

in the "covariance model", whereas it is not significant in the straight

quadratic.
TABLE LIV
ANALYSIS OF VARIANCE OF PROTEIN INTAKE
WITH EGG PRODUCTION AS A PREDICTING
VARTABLE IN THE QUADRATIG MODEL
Source DF ss MS F
Total " 567 105,880, 84
R(w) o1 99,295.53
R(bya/u,By ) 14 5,209.96
R(B; /u,bsa) 1 456,10 456,10 273,11
Residual 551 : 919.25 1,67

1R(b,a/u,B; ) - Reduction in sum of squares due to b and a, adjusted
for u and B; .

With egg production as the predicting variable with the quadratic



CALCULATED t FOR THE PARAMETERS IN THE QUADRATIC

TABLE LV

MODEL AND IN THE QUADRATIC MODEL WITH
EGG PRODUCTION AS A PREDICTING
VARTABLE FOR PROTEIN INTAKE
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Estir:late . Estimate s
Parameter Quadratic Model t "Covariance Model" t

K 13.35 59.33 9.66 34.93
B, = mmee= mmmee . 026 16.35
by 3.08 33.62 2,54 33.91
b, -2.03 22,16 -1,57 21,86
by - 2023 .25 - .078 1,17
by - 277 3.02 - 231 3.47
3y .199 1.77 - o284 3.37
233 - .031 .27 - .086 1.05
234 067 .61 .057 .70
353 .198 1.76 .083 1.01
aze -041 .36 .0026 .03
2a4 - .079 .70 - 117 1,44
ay - .086 .56 161 1.38
330 - L2111 1.33 - .139 1.20
333 .160 1.01 135 1,17
244 - 042 .26 .059 .51

11,05 with 66 degrees of freedom

2t.0s With 551 degrees of freedom

2,00

1.96
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model on energy intake, the following equation is obtained:

—

54>
H

£
E

Xy

Xy X
X X3
X Xy
Xz %3
Xp X4

X

o

—

—

175.96
545
2.76
2.33
-1.23
4,48
3.86
-1.14
2.00
.903
- .313
-2.53
1,49
-7.80
2,25

- 864

—

The analysis of variance for energy intagg from this model is in

Table LVI. This shows egg production to be a highly significant

(P < ,01) factor in the contiol of energy intake. In fact;'the reduction

in sum of squares due to egg production is greater than all the effects

in the quadratic model.

The parameters for this model and the straightﬁduadratie model are

compared in Table LVIT.

Tt is obvious from the data in this table that

egg production must be closely related to feed and energy intake. With

egg production variation accounted for in the model, both protein linear,
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X1, and energy linear, x,, effects were reduced to nonsignificance.

Gleaves found that when two levels of egg production were used as

another factor, the quadratic effect of dietary energy on energy intake

was reduced. In this analysis, when egg production was included in the

model, the quadratic effect of dietary energy remained approximately

the same.
TABLE LVI
ANALYSIS OF VARIANCE OF ENERGY INTAKE WITH
EGG PRODUCTION AS A PREDICTING VARIABLE
IN THE QUADRATIC MODEL

Source ' | DF S8 MS F
Tetal 567 34,688,311
R(p) 1 33,978,338
R(b,a/l-" sB1) 14 164,005
R(B; /u,b,a) 1 194,754 194,754 305.74
Residual 551 351,214 637

Body Weight Change Effect: With body weight change as the
predicting variable in;tﬁp;quadratie model, the estimates for the

parameters when protein intake is the response are in the equation
A
Y, = 13.15 + .0034W + 2.67x - 1.79% - .069% - .183x,

- 039X % - 009X % + 135X X, + 071X, - 018X
- .023% X - o115%°% - .023%°% + .087%% - .032x,? .

The analysis of variance in Table LVIII shows that body weight change

is a very important factor associated with protein intake.



TABLE LVII

~ CALCULATED t FOR THE PARAMETERS IN THE QUADBRATIC

MODEL AND IN THE QUADRATIC MODEL WITH
EGG PRODUCTION AS A PREDICTING
VARIABLE FOR ENERGY INTAKE
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. Estimate L Estimate s
Parameter Quadratic Model ot "Covariance Model® t

K 252,34 57.58 175.97 32.56
B, emee=e eomee . 545 14.69
b 13.99 7.85 2.76 1.91
Eé =7.02 3.94 2,33 1,66
by - J101 <05 =1.23 .95
by ~5.45 3.05 4,48 .44
35 12.88 5.88 3.86 2,31
33 - .019 - .00 =1°i5 o 72
334 2.19 .96 2,00 1.26
353 3.28 1.49 .903 .58
3s4 480 .21 = 313 «20
354 -1.74 .79 =2.53 1.59
a1 =3.59 1.16 1.50 .66
EVR -9.28 3.00 -7.80 3.47
333 2,78 .89 2,25 1.00
N ~1.21 <39 -865 .38
't.s with 66 degrees of freedom = 2.00

2t.05 With 551 degrees of freedom = 1.96
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parameters in the model are tested for significance in Table LIX., This
test shows that there are no important differences in the parameters of
the quadratic portion of the "covariance model" as compared to the

straight quadratic.

TABLE LVIII

ANALYSIS OF VARIANCE OF PROTEIN INTAKE WITH
BODY WEIGHT CHANGE AS A PREDICTING
VARIABLE IN THE QUADRATIC MODEL

Source DF S8 MS F
Total 567 105,880.84

R(n) 1 99,295.53

R(b,a/u,Bs ) 14 5,209.96

R(B /u,b,a) 1 363.32 363.32 197.45
Residual 551 1,012.03 1.84

The parameters for the same model with energy intake as the response

are listed in Table LX. The analysis of variance for this response is

" in Table LXI. It can.be seen from the t test and analysis of variance
that body weight change is associated with energy intake to a highly
significant (P < .01) degree. In Table LX it can be seen that, when

the body weight change is included in the model, there are two obvious
chinges in the parameters of the quadratic model. The magnitude of the
coefficient (b,) of dietary energy on energy intake was decreased from

| =7.02 1 to | -2+55 i, and there appears to be a significant (P < .05)
interaction between dietary protein and dietary volume (a;,) on energy

intake.



CALCULATED t FOR THE PARAMETERS IN THE QUADRATIC

TABLE LIX

MODEL AND IN THE QUADRATIC MOBEL WITH

BODY WEIGHT CHANGE AS A
PREDICTING VARTIABLE
FOR PROTEIN INTAKE
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Estimate Estimate
Parameter Quadratic Model ! "Covariance Modelv tf
i 13.35 59.33 13.15 76.72
By e s 0034 14,16
by 3.08 33.62 2,67 35.31
by 2,03 22,16 -1.79 25.00
by - 023 .25, - .069 .99
by - .277 3.02 - .183 2,61
a2 -199 1.77 - .039 45
a4 - .031 .27 - .009 .10
3. 067 .61 .135 1,58
- .198 1,76 071 .83
Bos .0l .36 - .018 21
A4 = 079 .70 = 023 027
ajy - ,086 .56 - o115 .95
- - .21l 1.33 - 023 .19
s .160 1,01 087 72
agq - .0H2 .26 - .032 .26

1t.05 with 66 degrees of freedom

*t.05 with 551 degrees of freedom

i

i

2,00

1.96



TABLE 1LX

CALCULATED ¢ FOR THE PARAMETERS IN THE QUADRATIC

MODEL AND IN THE QUADRATIC MODEL
WITH BODY WEIGHT CHANGE AS

A PREDICTING VARIABLE

FOR ENERGY INTAKE
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Estimate ) Estimate -
Parameter Quadratic Model t “Covariance Model™ t

1 252.34 57.58 248,27 72,587
B = eeccee coce= . 066 13.92
by 13.99 7.85 5.88 3.89
by =7.02 3.94 -2.55 1.78
by - .101 .05 -1,00 .71
by -5.45 3.05 -3.58 2.56
aa 12,88 5.88 8,21 .71
34 - 019 .00 L2l .20
34 2.19 .96 3.53 2,06
23 3.28 1.49 o773 M5
EY 480 .21 = .676 -39
354 -1.74 .79 - .822 48
ajy ~3.59 1.16 -4.18 1.73
32 -9.28 3.00 -5.57 2,29
aga 2.78 -89 1.33 .55
44 -1.21 .39 42

-1.02

1t.05 with 66 degrees of freedom

]

"

2t.05 With 551 degrees of freedom

2,00

1.96
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TABLE LXI

ANALYSTS OF VARIANCE OF ENERGY INTAKE WITH
BODY WEIGHT CHANGE AS A PREDICTING
VARIABLE IN THE QUADRATIC MODEL

Source DF 58 M3 ¥
Total 567 34,688,311

R(w) 1 33,978,338

R(bsa/usBs ) 14 164,005

R(Bs /u,sb,a) 1 140,651 140,651 191,36
Residual 551 405,317 735

The estimates of the parameters for the "covariance model", with egg
production and body weight change as predictien variables in the quadra-
tic model for protein intake and energy intake, are in Tables LXIT and
LXIIT, respectively. For protein intake, the results are very similar
to the results obtained when egg production was the single prediction
variable. This indicates that the egg production effect is probably
much stronger than the body weight change effect on protein intake.
However, with energy intake as the response (Table LXIII), there is one
difference with the two prediction variables, as compared to the medel
with egg production as the only prediction variable. That is, dietary
energy has a significant (P < .01) coefficient in the model with the
two prediction variables. An explanation for this difference is not
obvious.

The "covariance models" which have been used in this chapter help

a great deal in locating the scurces of variation im mutrient intake.
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TABLE LXII

CALCULATED t FOR THE PARAMETERS IN THE QUADRATIC
MODEL AND IN THE QUADRATIC MODEL WITH EGG
PRODUCTTION AND BODY WEIGHT CHANGE
AS PREDICTING VARTABLES
FOR PROTEIN INTAKE

Estimate ' | Estimate s
Parameter Quadratic Model t “Covariance Model" t
9 13.35 59.33 10.38 38.87
By emmee cmee- .0202 12.62
Ba  ememe emeew .0022 9.56
by 3.08 33.62 2,40 34,18
b -2.03 22,16 -1,53 23.93
by - 2023 .25 - .095 1,54
b, - 277 3,02 - 179 2,91
a1 .199 1.77 - 293 3.69
213 - .031 .27 - .059 .78
a1, .067 .61 104 1.38
23 .198 1.76 .026 .34
ap4 041 .36 - .027 .36
34 - .079 .70 - 077 1.02
a1y - .086 .56 .08l 77
8oz - 211 1.33 - .031 .28
333 .160 1,01 ,092 - .86
A4

- 042 . .26 042 -39

1.5 With 66 degrees of freedom

2.00

i

®t.05 With 550 degrees of freedom = 1.96



TABLE LXIII

CALCULATED t FOR THE PARAMETERS IN THE QUADRATIC
MODEL AND IN THE QUADRATIC MODEL WITH EGG
PRODUCTION AND BODY WEIGHT CHANGE
AS PREDICTING VARIABLES FOR
ENERGY INTAKE
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) Estimate N Estimate .
Parameter Quadratic Model t "Covariance Model" t
m 252,34 57.58 189.62 36.49
Bi  eemeee emcea 429 13.62
B, ————e- ——— 0418 9.32
b 13.99 7.85 .0032 .00
by -7.02 3.94 3.18 2.43
bs - .101 .05 -1.56 1,29
by, -5.45 3.05 =3.50 2.89
a2 12,88 5.88 2.81 1,80
aa - .019 .00 - .628 42
314 2.19 .96 2.89 1.95
83 3.28 1.49 - o181 .12
CY 480 .21 - .878 .59
854 -1.74 .79 -1.78 1.20
a1, -3.59 1.16 Ol .02
322 -9.28 3.00 -5.76 2.74
833 2,78 .89 1,44 .68
EW -1.21 -39 . 547 .26
1t.05 With 66 degrees of freedom = 2,00
®t.05 with 550 degrees of freedom = 1.96
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By the use of these models it has been possible to show that, when
production variation is removed, some dietary effects are reduced and
others are increased.

With the response functions to this point in this chapter, it may
be possible to predict feed and nutrient intake of laying hens in
various levels of egg production and in various stages of body weight
change. If the quadratip model should not seem desirable, then other
covariance models could be used. It would be possible to estimate
maintenance requirements for laying hens with response functions of
this type by assuming egg production and body weight change to be zero
and then estimating nutrient consumption.

The prediction variables in the models used in this study were
observed variables. For this reason the equations cannot be used to
consider functional distributions. If egg production could be a
mathematical variable instead of an observed variable, then functional
distributions could be considered. The method employed by Gleaves to
hold egg production constant, in effect, converts an observed variable
into a-@nthiiitical'variable. Therefore, a response equation developed
from the high egg production hens or the low egg production hens used
by Gleaves would be valid from a functional distribution standpoint.
At the s;me time, the variation due to variation in egg production would
be minimized. If a multiple response analysis is desired after the
effect of egg production is removed, it would be necessary to have

response surfaces valid from a functional distribution standpoint.
Quadratic Model With Constant Egg Production

In order to observe the response functions with constant egg
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production, and to check for conditions necessary for multiple response
analysis, the quadratic response surfaces for mutrient intakes are now
estimated from the low egg production and high egg productiocn data used
by Gleaves. The data for this are listed in Appendix Tables II and IIT,
The only test made on these functions will be to check for conditions
necessary for a multiple response analysis. Comments will be made on
any obvious differences in the p;rameters compared to theose in the
“"covariance model“é

The prediction response for protein intake of the hens in low egg

production (approximately 15 eggs per 28-day period) is

-~ = ‘ — =
1 v 12.44
X 3,17
% -2.36
Xa - 172
X, - .108
X X 161
XX - 2299
A
Yll = X X, 0294
X X3 156
Xo Xy - o121
X3 Xg .184
x;a - o121
% - .019
xaa .113
%* .271
~— — L._ 7
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The quadratic prediction response for energy intake by the same hens is

— — — S
1 0 234,15
Xy 17.83
%o -14.,79
R - 2,55
X, - 2,92
X X 13,04
X Xa = 3.97
%, = X1 Xy 5.53
X Xg 972
Xp Xy - .218
Xa Xy 2,00
x° - b.24
%2 | - 5.41
Xa© 2.23
%, 5.18
S -’ o g

In this equatiort the coefficients for ¥, % and X % are quite large
as compared to the corresponding coefficients in the covariance models.
This is probably an indication that, at lower egg production levels,
feed intake is more dependent upon dietary factors than at higher egg
production levels.

The estimate for the quadratic response of protein intake for the

high egg producing hens (25 eggs in a 28-day peried) is



X

X Xp
X Xg

hy = X Xy

]

The only obvious difference between this function and the comparable
one for low egg production is that the protein intake is higher for
the high egg'producing hens,

The quadratic response function for energy intake for the high

egg producing hens is

T, = 268.92 - h.09% + 2.77% + 2.04% - 7.61x, + .139% %

- 5.2 % + 5.49%% - 1.57%% + .930% % - 2.37X% X

—

o ——

14,23
25QO
-1.73

.086
- 2375
- 291
- 2233

.190
- o141

.098
- 132

.053
- o079
- 104

0140

—

+2.59%° - 6.87%° - 2.07%° + 2.59%° .

iis
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The parameters in this function are smaller than those of the comparable
function for low egg production. This probably in@icates that dietary
factors are not as effective in controlling feed intake when the hens
are producing at a high rate as when they are producing at a low rate.
However, the factor of dietary volume, x, , appears to have a greater
influence at the high egg production level than at the low egg
production level. As expected, these observations are similar to those
which were made by Gleaves using a different type of analysis.

Tt was hoped that by holding egg production constant the quadratic
response function would be positive definite for at least one of the
responses. This is the necessary condition for estimating efficient
points of two responses at the same time. However, an examination of
the parameters shows that none df the functions satisfies the necessary

condition.



CHAPTER IV
PRODUCTION AS AFFECTED BY NUTRIENT INTAKE

Most research workers in poultry nutrition would agree that actual
nutrient intake and balance of nutrients are the most important nutri-
tional factors which determine egg production in 1ajing hens. However,
to the knowledge of the author, no work has been done in which variations
in actual nutrient intake were studied in relation to variations in egg
production. |

To study the relationship of nutrient intake to production faétors
(body weight gain, egg production and egg weight), two difficult problems
must be overcome. The first of these is the problem of obtaining graded
levels of nutrient intake with ad libitum fed birds. The data for this
thesis came from a feeding trial in which the experimental diets were
formulated in such a way as to give various combinations of protein
and energy intakes. The intake levels of protein and energy which were
obtained are listed in Appendix Table I under Y; and Y,, respecti#ely°
It can be seen in these data that there was a great deal of variatiom
in the intake of protein and in the intake of energy.

The second problem is to use protein and energy intake data effec-
tively in a study of the relationship of these intake variables to
production variables (body weight gain, egg production and average egg
weight). The intake of protein and energy is affected by the dietary

factors (protein, energy, weight and volume), as was established by

117
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Gleaves. The dietary factors also affect the production responses.
Prediction equations in Chapter II ﬁere developed based on these facts.
However, there is a question as to whether the dietary factors have any
direct effect upon the production factors, or whether the effect is
indirect. In other words, is tﬁEngriation in the production factors
entirely due to the variation in ggffient intake? This is an important
question from the standpéint of statistics. If the effects of dietary
factors upon production are indirect and are actually a result of nutrient
intake, then it would be valid from a statistical standpoint to study the
relationship of nutrient intake to production, independently of the
dietary factors. But, if there is some direct effect of the dietary
factors upon production, or if the intake of the non-nutrient dietary
factors have an effect upon production, then it would be invalid from a
statistical standpoint to study nutrient intake in relation to production,
independently of the dietary factors.

It seems logical that the dietary factors and the intake of non-
nutrient dietary factors may have some direct effect upon production. Tt
also seems logical, since the nutrients are the necessary ingredients for
production, that the direct effect of the dietary factors and the intake
of non-nutrient dietary factors would be small in relation to the effectis
due to nutrient intake, Therelé;éuseveral reasons to think that the
dietary factors and the intake of‘nonenutrient dietary factors couwld
affect production by means other than thréugh nutrient intake. Varia-
tions in digestibility and variations in energy e;pended in digestion
could possibly be affected by these factors. If digestibility‘is altered,
then utilization of the nutrients digested may be altered. All of these

things would tend to cause variation ih-productieno
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From the preceding discussion it is obvious that dietary factors
are related to producticn by some means other than through nmutrient
intake., Nevertheless, it is the opiﬁion of the author that a study of
the relationship of protein intake}and energy intake to production,
independently of all other factors, would be a definite contribution in
the field of poultry nutrition. This information concerning the
relationship of nutrient intake to production is vitally needed in the
poultry industry teday.

In the analysis to follow, the assumption is made that variation
in production (body weight gain, egg produétion and egg weight) is due
to variations in protein intake and energy intake, independently of the
dietary factors. The data in Appendix Table I are fitted to the following
model:

Y=g, + by +byXp +212%% +311%° + 33%°
where

Y = production response

Y, = body weight gain
Y, = number of eggs
Y; = average egg welght

x;= grams of protein intake per bird per day

%= (Calories of energy intake per bird per day)/10
Energy is divided by 10 to facilitate computatioens,

g,y and b, = unknown parameters .
The parameters are estimated by the methed of least squares and the
following response functions are obtained:

T = -1134,91 + 22.89% + Ul47% - 197X % + .235%° - .203%2

T, = -205.67 + 22.49% + 10.15% + .033%% - .673%° - .156%2
T = 89,42 + 1.079% - .47x, + .0000% % - -029%2 + .Olix?.,
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The parameters in the equation for body weight gain, §i, are tested
for significance by an analysis of variance in Table LXIV. The data in
this table show that energy linear is the only factor which has a
significant (P < .05) sum of squares. The coefficlent of this factor
is positi?e, indicating that increases in energy intake cause an increase

in body weight gain.

TABLE LXTV

ANALYSTS OF VARIANCE OF BODY WEIGHT GAIN AS AFFECTED
BY PROTEIN AND ENERGY INTAKE

Source DF 88 ‘MS 'F
Total , 567 43,537,988
Regression (6) 18,801,614
Protein linear, b, , adj. 1 bi 087 44,087
Energy linear, by, adj. 1 190,459 190,459 4.31(P < .05)
Protein x Energy, a5, adj. 1 20,206 20,206
Protein Quadratie, a;; , adj. 1 3,433 3,4}3
Energy Quadratic, a,,, adj. 1 11,621 11,621
Residual 561 24,736,374 44,093

It is surprising that protein intake does not remove a significant
sum of squares. The ﬁork‘by Gleaves indicated that protein intake was
probably as important as energy intake in affecting body weight gain,
The parameter a;; , which is the coefficient to protein intake x energy
intake, is not significant. This fact was not surprising. Apparently

the relationship of dietary protein and dietary energy to body weight
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gain, which was observed by Gleaves, resulted from the action of these
two dietary factors upon feed intake. Although the parameters in this
equation other than for energy linear do not remove sums of squares
greater than the residual, they will play an important part in a
simultaneous analysis of body weight gain and .eglgwproducticm°

The parameters in the function for egg production are tested by
the analysis of variance which is presented in Table 1XV. The results
of this analysis indicate that protein linear, energy linear, protein
oguadratic, and energy quadratic are all significant at the one percent
level of probability. In this analysis of variance; as was the case for
body weight gain, there is no interaction between protein intake and
energy intake. However, the work by Gleaves showed that there was a
highly significant interaction between dietary protein and dietary
energy upon egg production. In thg light of these observations, it can
be seen that many wrong conclusioné?could be drawn frem a study of the
effect of dietary. factors upon production characteristics of laying
hens, without consideging nutrient intake.

The analysis of variance for egg weight is presented in Table LIVI.
The results of this analysis indicate that sums of squares are removed
in the same pattern for both egg weight and egg production. Protein
linear and protein quadratic are significant at the one percent level
of probability. Energy quadratic is significant at the 5 percent level
of probability, and energy linear approaches the 5 percent probability
level. Here again, there is no interaction between protein intake and

energy intake.
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ANALYSIS OF VARIANCE OF EGG PRODUCTION AS AFFECTED
BY PROTEIN AND ENERGY INTAKE

122

Source - DF SS MS ’ F

Total 567 10,648,299
Regression (6) 10,235,102
Protein linear, b, , adj. 1 42,551 42,551 5708i(P < ,01)
Energy linear, b,, adj. 1 11,412 11,412 15.50(P < .01)
Protein x Energy, a», adj. i 677 677 }91
Protein quadratic, a;; , adj. 1 28,174 28,174 38.27(P < ,01)
Energy quadratic, a,,, adj. 1 6,862 6,862 9.32(P< .01)
Residual 561 413,197 736
TABLE EXVI
ANALYSIS OF VARIANCE OF AVERAGE EGG WEIGHT AS AFFECTED
BY PROTEIN AND ENERGY INTAKE
Source DF ss  .MS F
Total | 567 1,634,297
Regression ' (6) 1,630,263
Protein linear, b, , adj. 1 98 98 13.61(P < .01)
Energy linear, b,, adj. 1 25 25 3.47(P < ,10)
Protein x Energy, 3;z, édjp. i 1 1
Protein quadratic, a;; , adj. 1 © 83 53 7.36(P < ,01)
-05)

Energy quadratic, ags, adj. 1 33 133 4,58(P <
Residual ' 561 8,034 7.2
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In order to evaluate further the relationship of proteiﬁ and energy
intake to Body weight gain, egg production and average egg weight, the
simultaneous responses of egg production and egg weight and the
simultaneous responses of body weight gain and egg production will be
studied. A necessary condition under which these studies can be made
is for at least one of the quadratic response functions to be positive
definite. An examination of the equation for egg production reveals
that it is positive definite. |

The procedure used for the egg production-egg weight study is

outlined by Antle, 1962. The two functions for this amalysis are

A

Y, = -205.67 + 22.49% + 10.15% + .033n% - 673%,% - .156%°

L1}

and

AN

Y, = 49.42 + 1,079% - 47% + .0009% % - .029%° + .011x,°®
These equations can be put into matrix form as follows:

N A
T, = & - x*8,X + X°B,

where
8 = -205.67
e N / 673 -.016 R 22@9\3
ko= oy Ay o= s = \
x,; \\-,,016 156 | 10.15]
and
A A A
YS = 85 - X'ASX + X'E;,
where
& = b9.42 |
X A [ -.029 00045 R 1.079
X = , = =z

s B /
% -.00045 .011 -7 /.
/
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Since A, is positive definite, the complete set of efficient points

for Y, (X) and Y5 (X) is given by
: LA AT A : A ;
-{ﬂx=v5ﬁﬂ4+(1-@MJV&@;+(1°M&J3(0‘a§1ﬁ°
When the matrix values are substituted into thisrexpression, and the
necessary operations have been completed, the following set of parametric
equations of the complete set of efficient points is obtaimed:

1.87057°% - .11017% - .00603

Xy s ‘
- .107300® - .00219x + ,00031
3.58663° + .0153% - .00659
.107306° - .0021%x + .00031
where
0sa<1,

The predicted responses at the efficient points obtained from these
parametric equations are given in Figure 15. It can be shown that
maximum egg size is obtained with the same combination of protein intake
and energy intake that gi#es maximum egg production. This result was
not unexpected.

When o = 1,0,_maximﬁm egg production and maximum egg weight are
predicted. The levels of protein intake and energy intake corresponding
toa = 1.0 are 16,64 grams of protein and 341 Calories of energy intake
per hen per day. This particular combination of protein and snergy
intake was not obtained as a treatment average in the present experiment.
However, the values for protein and energfvintake for the predicted
maximums correspond very closely to the nutrient intake standard set up

for laying hens by Gleaves et al., 1963b.
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A simultaneous analysis of body weight gain and egg production, in
response to protein intake and energy intake, was attempted using the
method outlined by Antié, 1962. However, sufficient conditions to
obtain a complete set of efficient points were not present. Although
the condition that one of the two response functions be positive definite
is a necessary condition, it is not a sufficient condition. The
sufficient conditions are not exactly known, but there is a discussion
on the subject in the paper by Antle, 1962. Since sufficient conditions
are not present to use the method described by Antle for the simultaneous
analysis, another method was employed. This method is not as exact as
that of Antle’s, but it offers an overall perspective of the response
surface.

In Figﬁre 16a the two respoﬁses were plotted on the same graph with
X and % as the coordinates. The portion of this figure within the
dotted lines is plottedf%E_Figure 16b, to give a more detailed picture
of the egg production surface. The quadratic response for body weight
gain is indefinite, and the coefficients of the quadratic terms have
opposite signs. Therefore, the surface formed by Y is a hyperbolic
paraboloid. When Y; is set equal to a constant, a hyperbola.can be
plotted from the function. Since the desirable response for body weight
gain in laying hens is zero, only the contour which corresponds to zero
body weight gain is plotted.

The surface formed by Y, is an elliptic paraboloid. This is
‘evidenced by the fact that the quadratic response 1s positive definmite.
When Y, is set equai to a constant, the function will form an ellipse.
The elliptic contours for 0, 50, 100, 150, 157 and the predicted maximum

egg production are plotted in Figure 16b¢ The ex@erimental period for
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the number of eggs predicted is 196 days.

The elliptic contour for zero egg production is quite small compared
to the hyperbolic paraboloid which represents body weight gain, For
this reason, only the small section of ihe line for zero body weigﬁt gain
which intersects the ellipse for egg production is shown,

There will be some body weight gain when the hens are receiving the
protein and emergy intake necessary for maximum egg production. The
body weight gain which corresponds to the maximum predicted egg production
(162 eggs in 196 days) is 415 grams., The daily protein intake and energy
intake values which are calculated to give maximum egg production are
17.5 grams and 343 Calories, respectively. These values correspond.
closely to the nutrient intake standard developed by Gleaves et al.,
1963b,

One of the most important observations that can be made from the
data in Figure 16b is the very narrow range of daily proteim intake and
energy intake which the laying hens can have and still maintain a high
level of egg production. In order for a hen to maintain 80 percent
production (157 eggs in the graph), the daily protein intake must be
between 15 and 20 grams and the daily intake of energy must be between
290 and 400 Calories. It is unlikely that a hen would consume an average
as high as 400 Calories of intake per day in actual practice, because of
the limitations that energy intake places upon energy consumption.
Therefore, the range for energy is actually smaller than the graph shows.
In practice, too much protein intake would probably never oceur, but

too little protein intake prebably occurs frequently.



GHAPTER V
SUMMARY

Prediction equations were developed to estimate responses of laying
hens to protein intake, energy intake, body weight change, egg production
and average egg weight directly from the dietary factors of dietary
protein, dietary emergy, dietary weight and dietary volume. The data for
making the estimates were égtaiqed from an experiment with laying hens
in which a 34 factorial arrangement of dietary protein, dietary energy,
dietary weight and dietary volume constituted the treatments.

For each response, two general prediction equations were estimated.
The first model for each response contained all effects which appeared
to have some influence upon the response, as determined from an apalysis
of variance. The second model camtained”pniy the effects which were
significant (P < .05) in the first model, as determined by the t test.
The prediction ability of each equation was checkeé»by the residual sum
of squares and by a half-normal plot of the residual deviatioms.

Protein inﬁake appeared 16 be more dependent upon dietary factors
than energy intake. An equation which contained only the linear effects
of dietary protein; dietary energy and dietary volume appeared to be
jnst as capable of predicting protein intake as one which contained
eleven interaction effects in addition to the linear effects.

The prediction of the intake of energy, based solely upon dietary

effects, required several interaction effects in additiem to the linear
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. effects of dietary protein and dietary energy. The results of the tests
for goodness of fit to the general model show that dietary effects alone
are not enough to predict energy intake satisfactorily. It was evident
that non-dietary factors bhave a great influenée upon energy intake.

The tests on the prediction equations for egg production and egg
weight showed that these two responseé could be predicted from the
dietary factors with\tbe same accuracy as proteim intake. However, the
prediction of body weight change appeared to be influenced by factors
other than dietary factors.

The quadratic model was used as a response function for protein
intake, energy intake, egg production, and egg weight as affected by
dietary factors. The tests for goodness of fit for these fumctions
showed that only egg weight could be predicted with confidence from the
dietary factors by the quadratic model.

The quadratic model is the most convenlient model to use if a
multiple response analysis is desired. If the quadratic response is
positive definite for one of the responses, then a necesséry‘@@ndition
fér the multiple response analysis is satisfied. In the case of the
response variables which were fitted to the quadratic medel imvolving
only dietary factors, none of the functions was positive definite.

An attempt was made to determine why the quadratic model did not
fit the data for protein intake and energy intake. This was done by
including in the model the effect of egg production and bedy welght
>changea It was found that egg production has a definite influence upon
protein intake and energy intake. Body weight change did net affect
the parameters of the model with protein intake as the response; but with

energy intake as the response; body weight change did have an effect.
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The relationship of protein intake and energy intake to bedy weight
change, egg production and egg weight was studied., It was found that
energy intake is the primary factor affecting body weight change. Protein
and energy intake appeared to be equal in their effect in influencing
rate of egg production. Egg welght was affected by protein intake to a
somewhat greater degree than by energy intake.

A simultaneous response analysis of egg production and egg welght
showed that egg welght increases with each increase in egg production.
The optimum daily protein intake and energy intake for maximum egg
production and maximum égg weight are 16.64 grams and 341 Calories,
respectively.

It was found by a simultaneous amalysis of body weight change and
egg production that, at maximum egg production, the hens weuld gain
approximately 415 grams of body weight during a 7-month laying peried.
Protein intake and energy intake for maximum egg.pr@dueti@n were

- predicted to be 17.5 grams and 343 Calories per day, respectively.
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DATA FOR ENTIRE EXPERIMENT

TABLE I

ot o\ xoxg ! Y2 Y3 Yo o Y5
1 -1 -1 -1 -1 11.64 234 + 80 149 4703
1 -1 -1 -1 -} 12,04 242 + BO 169 5262
1 -1 -1 -1 -1 10,07 203 + 70 176 4Te4
1 -1 -1 -1 -1 13.63 274 + 240 155 53,0
1 -1 -1 -1 -1 11.62 234 + 20 151 5441
1 -1 -1 -1 =1 13,78 277 + 60 182  54.7
1 -1 -1 -1 =1 11,60 233 - 40 135 5248
2 -1 -1 0 -1 14,23 286 ° + 380 173 55,1
2 -1 -1 0 -1 12425 247 - 280 122 5465
2 -1 -1 0 -1 11e39 229 + 90 142 524
2 -1 -1 0 -1 12,09 243 - 200 153  53.4
2 -1 -1 0 -1 11,59 233 + 120 150 5006
2 -1 -1 0 -1 13411 264 + 380 159 5347
2 -1 -1 0 -1 13051 272 + 100 173 5065
3 -1 -1 1 -1 13,57 273 + 290 162 5548
3 -1 -1 1 -1 12019 245 + 60 161 5003
3 -1 -1 1 -1 10,91 220 - 420 57 4944
3 -1 -1 1 -1 12.33 248 + 100 146 5640
3 -1 -1 1 -1 12438 249 + 200 137 5440
3 -1 -1 1 -1 14,07 283 + 160 160 5648
3 . -1 -1 1 -1 13409 - 20 172  51.9

264
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TABLE I (CONTINUED)

Treat, X1 X, X3 x4 y Y v y v
No, 1 2 3 4 5
4 -1 -1 -1 0 11445 230 80 154 5240
4 -1 -1 -1 0 13,02 262 160 146 5540
& -1 -1 -1 0 14,09 284 40 149 59,5
4 -1 -1 -1 © 12449 251 230 157 5240
4 -1 -1 -1 0 15.49 312 220 167 6045
4 -1 -1 -1 0 12.64 254 170 148 5545
4 -1 -1 -1 0 10,98 221 200 152  47.3
5 -1 -1 0 o0 9494 200 20 100  50.8
5 -1 -1 0 0 11,09 223 140 144 5000
5 -1 ~1 0 0 13489 280 B0 153  53.2
5 -1 -1 0 0 12434 248 20 147 5145
5 -1 -1 0 o0 7.046 142 400 53 5249
5 -1 -1 0 o0 13.02 262 10 166 5006
5 -1 -1 0 0 8436 168 230 77 5449
6 -1 -1 1 0 11.86 239 100 157  84:3
6 -1 -1 1 o0 11.39 229 710 75 58.5
3 -1 <t 1 o 12,73 256 220 162  54.6
3 21 -1 1 o0 12469 256 155 517
b -1 -1 1 o 13,15 265 140 159  S4.4
& -1 -1 1 0 11.53 232 60 144 5007
& -1 -1 1 12,90 260 100 150 542
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TABLE I (CONTINUED)

Treat,

No, X] Xy Xz X4 Yy Y2 YS ) Y4 Y5
7 -1 -1 =1 1 12459 253 240 143 5542
7 -1 -1 -1 1 13.26 266 150 148 55,1
7 -1 -1 ~1 1 11674 236 120 157  48e5
7 -1 =1 =1 1 11,35 228 30 141 5564
7 -1 -1 -1 1 11.24 226 120 86 49e7
7 -1 -1 -1 1 12,04 242 83 5001
7 -1 -1 -1 1 11,72 236 40 145 53,2
8 -1 -1 0 1 12435 249 160 16% 5202
8 -1 -1 0 1 12,47 251 90 125 57e6
8. -1 -1 0 1 12,58 253 30 94  S4.1
8 -1 -1 0 1 11,70 235 30 149 55,2
8 -1 -1 0 1 11.68 235 110 144 5340
8 -1 -1 0 1 11,35 228 100 139 5662
8 -1 -1 0 1 1292 260 20 167 524
9 -1 -1 1 1 9.50 191 100 96 5047
9 -1 -1 1 1 11064 234 80 159 5046
9 -1 -1 1 1 12426 247 190 155 5246
9 -1 -1 1 1 12026 247 220 161 5602
9 -1 =1 1 1 12026 247 50 138 5749
9 -1 -1 1 1 11636 229 116 6063
9 -1 -1 1 1 12029 247 60 148 5840
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TABLE I (CONTINUED)

Tﬁzato ] X X3 Xy Y Y Y Y

B 1 2 3 4 YS
10 -1 0 -1 -1 10,66 245 - 40 144 69,8
10 -1 0 -1 -1 7+34 169 - 910 74 5002
10 -1 0 -1 -1 12024 281 - 30 69 50,1
10 -1 0 -1 -1 15,17 349 + 280 155 5065
10 -1 0 -1 -1 10484 269 + 40 127 5247
10 -1 0 -1 -1 5,99 138 ~ 640 19 5261
10 <1 0 -1 -1 11690 274 + 90 148 554
11 -1 0 0 -1 10.83 249 + 23 68,9
11 21 0 o -1 6.98 161 - 110 56 5000
11 -1 0 0 =-1 11,62 267 + 20 130 587
11 -1 0 0 =1 11,05 254 + 20 133 53,2

11 -1 0 0 =1 11.52 265 + 100 145 5449
11 -1 0 0 =1 14069 338 - 40 246 4Be8
11 -1 0 0 =1 12441 285 + 130 141 55,4
12 -1 0 1 -1 11.25 259 4 80 133 517
12 -1 0 1 -1 9.65 222 + 60 84  S4eb
12 -1 0 1 -1 10s61 264 + 300 105 5206
12 -1 0 1 -1 12016 280 + 50 143  S5kob
12 -1 0 1 -1 14,00 322 + 90 165 5205
12 -1 0 1 -1 12,51 288  + 320 147 5646
12 -1 0 1 =1 9,03 208 - 320 36 S5l.2
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TABLE I (CONTINUED)

Treat,

X2

No. *4 Y1 2 Y3 Y, Y,
13 -1 0 -1 0 11,61 267 - 120 152 5443
13 -1 0 -1 0 10438 239 + 80 133 51,6
13 1 0 =1 0  10.40 239 + 60 164 4B8.3
13 -1 0 -1 0 10,21 235 -~ 270 98  52¢4
13 -1 0o -1 © 7493 182 -~ 510 43 4746
13 -1 0 -1 0 11433 261 + 80 154 5245
13 -1 0 -1 0 10437 239 - 90 145 52.8
14 -1 0 0 0 9,09 209 - 730 70 5249
14 -1 0 0 0 9,05 208 - 100 136 521
14 -1 0 0 0 11,65 268 + 140 141  53a1
14 -1 0 0 0 8.17 188 + 30 41 48.8

14 -1 0 0 o 9,90 228 - 180 127 5562
14 -1 0 0 o0 11.78 271 - 40 143 5247
14 -1 0 0 0 10,63 244 - 100 144  50.7
15 -1 0 1 o 8099 207 - 140 65 557
15 -1 0 1 o© 12,21 281 + 180 154 5541
15 -1 0 1 o0 12,09 278 71 5.1
15 -1 0 1 0 9.66 222 + 60 120 524
15 -1 0 1 o0 12443 286 + 160 154 54,2

15 -1 0 1 o 11.51 265 + 160 126 519
15 -1 0 1 o0 10,42 240 145 5441
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TABLE I (CONTINUED)

Tﬁi?t' Lo X3y Y Y, Ys Yy Ys
16 -1 0 -1 1 9.45 217 + 50 99 5666
16 -1 0 -1 1 10,15 233 + 50 111 5245
16 -1 0 -1 1 8463 198 - 460 100 5146
16 -1 0 -1 1 10,40 239  +1000 115 55,9
16 -1 0 -1 1 10639 239 + 60 100 5840
16 -1 0 -1 1 11.56 266 152 5243
16 -1 0 -1 1 11436 261 + 40 109 534
17 -1 0 0 1 10,08 232 - 140 128 5143
17 -1 0 0 1 10,91 251 - 100 140 524
17 -1 0 0o 1 10,07 232 - 30 124 5345
17 -1 0 0 1 10.18 234 - 180 izo 5065
17 -1 0 0 1 11611 256 =~ 130 141  S5he4
17 -1 0 o 1 8o.44 194 - 400 45 536l
17 -1 0 0 1 9,57 220 - 10 89 5248
18 -1 0 1 1 9.47 218 -~ 10 116 53.1
18 .1 0 1 1 10625 236 + 40 145 4946
18 -1 0 1 1 10611 233 - 120 134 5448
18 -1 0 1 1 7.25 167 =~ 560 11 5548
18 -1 0 1 1 B.61 198 - 160 67 5347
18 -1 0 1 1 9,15 211 + 170 115 5260
18 -1 0 1 1 10,06 231 =~ 180 123  S&sel
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TABLE I (CONTINUED)

T;z?t' X X3 X3 X4 ) Y, Y3 Yy Yo
19 -1 1 =1 =1 7.34 193 - 200 70 4907
19 ~1 1 -1 =1 1057 277 - 140 137 5367
19 -1 1 =1 =1 10622 266 = 70 125 54e6
19 -1 1 -1 -1 9415 240 -~ 80 153  48.0
19 -1 1 =1 =1 4,53 119 - 640 12 5202
19 -1 1 -1 -1 Be56 225 4+ 140 76 5505
19 -1 1 -1 =3} 7.28 191 - 210 82 5446
20 -1 1 0 =1 7048 196 - 890 39 5462
20 -1 1 0 -1 7Te72 203 - 470 31 5165
20 -1 1 0 -1 12,08 317 4+ 350 150 5265
20 -1 1 ¢ -1 7495 209  ~ 440 52 5263
20 -1 1 0 -1 7.21 189 ~ 280 72 456
20 -2 1 0 =1 8002 210 - 360 45 5206
20 -1 1 6 -1 6,01 158 - 400 25  47.8
21 -1 1 1 - 7029 192 - 30 79 5042
21 -1 1 1 -1 5071 150 - 70 32 5303
21 -1 1 1 -1 Te77 204  — 340 40 516
21 -1 1 1 -1 10,06 264 127 53e4
21 -1 1 1 -1 8.73 229 - 500 63 533
21 -1 1 1 -1 7.2 189 - 150 26 4Bk
21 -1 1 1 =i 5,80 152 - 160 33 49.8
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TABLE I (CONTINUEGD)

;zfat. X, X3 Xz X Y1 Y, Y3 Yy Yo
22 -1 1 -1 0 8,10 213 230 43 5449
22 -1 1 -1 0 6431 166 960 50 5040
22 -1 1 -1 0 6089 181 160 31 5065
22 -1 1 -1 0 6635 167 390 28 47.9
22 -1 1 -1 0 6.95 183 820 76 5008
22 -1 1 -1 © 10,53 276 120 139 5006
22 -1 1 -1 0 Te42 195 450 57 457
23 -1 1 0 0 8418 215 570 50 4869
23 -1 1 0 0 7.66 201 370 75  49.7
23 -1 1 0 o0 10035 272 20 125 5408
23 -1 1 0 o0 8,57 225 173 4949
23 -1 1 0 0 9.16 241 80 120 . 50.8
23 -1 1 0 0 Bo89 233 100 121 550
23 -1 1 0 0 7.19 189 140 78 4642
24 -1 1 1 o 7e34 193 300 57 5040
24 -1 1 1 0© 6604 159 460 .81  4Beb
24 -1 1 1 o0 7.72 203 100 83 4949
24 -1 1 1 o0 6+35 167 320 47 467
24 -1 1 1 o0 627 165 410 40 5047
24 -1 1 1 o© 11626 295 440 119 5242
24 -1 1 1 o 9.08 239 40 133 5040
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TABLE I (CONTINUED)

Tﬁi?t' X} Xz X3 x4 Yy Y, Y3 Yy Ys
25 -1 1 -1 1 10.63 279 290 56 4706
25 -1 1 -1 1 8,00 210 146 4540
25 -1 1 -1 1 5¢58 147 340 20 5048
25 -1 1 -1 1 5,22 137 80 19 5163
25 -1 1 -1 1 9.69 255 240 93 5645
25 -1 i -1 1 7,12 187 80 65 541
25 -1 1 -1 1 7695 209 180 63 5747
26 -1 1 0 1 6s16 162 470 47 5065
26 -1 1 0 1 8062 226 110 106 5440
26 -1 1 0 1 Te74 203 50 81 49,3
26 -1 1 0o 1 6.84 180 130 59 5267
26 -1 1 0 1 6¢77 178 200 7 4546
26 -1 1 0 1 1072 282 80 138 53,7
26 -1 1 0 1 5,95 156 400 15 4546
27 -1 1 1 1 8.85 233 122 501
27 -1 1 1 1 7.51 197 160 96 499
27 -1 1 1 1 5,70 150 100 25 4549
27 -1 1 1 1 671 176 400 54 5048
27 -1 1 1 1 5,59 147 480 30 57.1
27 -1 1 1 1 7e54 198 200 92 5244
27 -1 1 1 7.50 197 290 66 4742
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TABLE I (CONTINUED)

" Treat,

No, X1 X XX Y1 Y2 Y3 Y4 Y
28 0 -1 -1 =1 14423 233 100 162 55.8
28 0 -1 -1 =1 13.28 217 540 89 541
28 0 -1 -1 -1 14465 = 240 60 156 5340
28 0 -1 -1 -1 1737 284 600 150 5346
28 0 ~1 -1 -1 16,63 272 240 176 536
28 0 -1 -1 =1 19.75 323 210 168 53.9
28 0 -1 -1 =1 15455 255 110 166 5407
29 0 -1 0 =1 15.92 261 200 144 5502
29 0 -1 0 =1 16,54 271 660 153 5347
29 0 -1 0 =1 l4e41 236 100 134 5607
29 0 -1 0 -1 15.77 258 120 160 57,7
29 0 -1 0 =1 14,03 230 20 169  51.7
29 0 -1 0 =1 15,02 246 240 147 5342
29 0 -1 0 =1 15,93 261 18C 157 5965
30 0 -1 1 -1 17.14 281 240 166 5445
30 0 -1 1 -1 14084 243 10 148 57.8
30 0 -1 1 -1 17.86 292 410 152 5647
30 0 -1 1 =1 15413 248 150 150 5540

30 0 -1 1 -1 17.62 289 160 169 5867
30 0 -1 1 =1 16493 277 240 147  S4.1
30 0 -1 1 =1 16.41 269 480 154 5646
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TABLE I (CONTINUED)

T;z‘;‘t‘ x| X, X3 X Yq Y, Yq Y, Yo
31 0 -1 -1 0 14692 244 - 440 98 5346
31 0 -1 -1 0 16672 274 + 260 152 5444
31 0 -1 -1 0 15.83 259 + 200 157 5748
31 0 -1 -1 0 15692 261 - 340 167 5746
31 0 -1 -1 o0 1495 245 + 160 159 5140
31 0 -1 -1 0 17.08 280 + 200 175 57.4
31 0 -1 -1 0 11.58 190 + 140 85 5146
32 0 -1 0 o0 15439 252 + 390 131 5540
32 0 -1 0 o0 11.48 188 -~ 680 60 5549
32 0 -1 0 o0 14470 241 + 60 156 526
32 0 -1 0 o0 14483 243  + 140 162 5643
32 0 -1 0 0 13.91 228 + 100 162 49.8
32 0 -1 0 0 17.34 284 + 120 | 176 5249
32 0 -1 0 o0 1579 259 + 80 164 5644
33 0 -1 1 0O 16088 276 + 410 152 5740
33 0 -1 1 0 15436 252 =~ ‘10 164 5542
33 0o -1 1 o0 13,20 216 + 80 149 54,1
33 0 -1 1 0 16026 266  + 500 164 5945
33 6 -1 1 0 14,11 231 + 440 107 5140
33 0 -1 1 o0 16482 275 + 140 145 58,0

33 o -1 1 0 14054 238 + 100 161 5040
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TABLE T (CONTINUED)

T:z?t' X X2 X3 Xy Y1 Y2 Y3 Yy Ys
34 0 -1 -1 1 15401 246 + 90 161 554
34 0 -1 -1 1 15.48 253 + 150 169 561
34 0 ~1 -1 1 15083 259 4+ 100 178 S53e4
34 0 -1 -1 1 14,55 238 + 80 37 5348
34 0 -1 -1 1 15474 258 + 140 165 5342
34 0 -1 -1 1 15406 247 - 80 153 5844
34 0 -1 -1 1 16033 267 + 220 165 55.8
35 0 -1 0 1 14,87 243 + 20 170 51.3
35 0 -1 0 1 16445 269 =~ 90 171 5448
35 0 -1 0 1 13,89 227 ~- 240 144 57,1
35 c -1 0 1 15094 261 + 140 146 5147
35 0 -1 0 1 10.35 169  ~1039% 60 6063
35 0 -1 0 1 16411 264 + 440 165 510
35 0 -1 0 1 16497 278 + 80 170  54el
36 0 -1 1 1 13,09 214 + 80 132 524
36 0 -1 1 1 11,02 181 + 90 75 5243
36 6 -1 1 1 15426 250 + 240 132 57.8
36 0 -1 1 1 14400 229 =~ 50 130 56.1
36 0 -1 1 1 15.99 262 - 20 90 4945
36 c -1 1 1 18614 297 + 300 173 5640

36 0 -1 1 1 16422 266 + 250 156 52e4
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TABLE I (CONTINUED)

Treat.,

No. Xy Xy Xz ;4 Y; Y2 Y3 Y4 YS
37 6 0 -1 -i 15479 298 + 150 161 5007
37 6 0 -1 =i 16066 314 + 370 157 55,1
37 6 0 -1 =} 12097 245 + 140 153 5169
37 0 0 -1 -1 18,11 342 4+ 660 175 5345
37 ¢ 0 -1 -1 12040 236 - 480 51 552
37 0 0 -1 =1 13410 247 - 230 134 5549
37 0 0 ~1 -1 13,83 261 + 400 154 49,8
38 6 © 0 -1 15030 289 + 480 121 5648
38 0 0 0 =1 16653 312 + 280 163 6040
38 o © 0 -1 14416 267 + 100 117 574
38 0 0 0 -1 14020 268 + 450 122 55,0
38 o 0 o0 =1 13,26 250 + 20 125 5569
38 0o 6 0 -1 13,57 256 + 510 116  55a7
38 o 0 0 -1 12087 243 + 150 161 53,1
39 6 0 1 -1 | 13458 256 + 80 157 5063
39, °0 0 1 -1 12458 237 ¢+ 40 135 58,3
39 6o 0 1 -1 12436 233 - 360 155 5043
39 o 0 1 -1 13,48 254 + 40 146 561
39 0o o0 1 = 1285 242 + 50 159 5140
39 6 0 1 -1 15411 285 - 80 129 572

39 0 o0 1 =1 8,08 152 -~ 340 21 5260



TABLE I (CONTINUED)

Treat,

No, X Xz X3 X4 Y Y2 Y3 Yy Ys
40 0o 0 -1 0 12429 232 157 5345
40 0 0 -1 O 12036 233 40 138 5640
40 0o o0 -1 0 12021 230 20 110 5469
40 o 0 -1 0 13.97 263 60 156 5346
40 0 0 -1 0 11,85 224 100 155  52.1
40 o 0 -1 0 13,14 248 200 157 497
40 o o0 -1 o0 13462 253 80 153  53.4
41 6 o o0 0 11.86 224 10 143 5240
41 o o 0 0 13.85 261 40 166 51e2
41 6 0o o0 o 14,24 269 130 176 5265
41 6 o0 0 0o 13,96 263 60 166  53.1
41 o o0 0 0 14093 282 160 163 5549
41 o o o o 14027 269 200 76 4943
41 o 0o 0o 0 13.50 254 300 162  57.4
42 6 0o 1 0o 10,91 206 10 151 534
52 o o 1 o0 14404 265 160 166 5345
42 o o 1 o0 14,28 269 360 153 548
42 o o 1 o 11.88 224 20 1346 5242
62 o o 1 o0 12070 240 180 150 5463
42 o o 1 o 13.12 248 560 116 5507
42 o 0 1 o0 15464 295 170 136 5367
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TABLE I (CONTINUED)

T;g::xt. X] X3 X3 X Yq Y2 Y3 Y4 Y5
43 o 0 -1 1 13,62 257 = 120 150 5842
43 0 0 -1 1 1286 242 - 120 156 5340
43 o 0 -1 1 12,79 2641 - 20 149  53.1
43 o 0 -1 1 1290 243  + 40 162 5244
43 0 0 -1 1 13,92 263 + 60 168 5344
43 6 0 -1 1 10,57 199  + 240 79 6005
43 0 0 -1 1 13,07 247 - 80 168 508
44 o o 0 1 12,57 237 + 80 156 5563
A o ¢ 0 1 13026 250 148 5209
44 o o 0 1 14,00 264 + 160 145 53,3
44 0 © 0 1 16026 269 166 5304
bk 6 0 0 1 12691 264 - 250 140 55,7
A o 0 0 1 13,85 261 + 240 149 541
44 o 0 0o 1 12,01 226 - 100 147 53,2
45 o © 1 1 10,10 191 - 760 61 50,9
45 c o 1 1 9,92 187 - 330 73 55.1
45 0 0 I 1 14.73 278 + 190 156 5Be7
45 o o0 1 3 14673 278 + 40 155 6046
45 o o 1 i 13609 - 247 - 50 146  59.1
5 o o 1 1 16,02 265 + 180 147 5649

45 6 o6 1 1 13,09 247 + 120 162 540l



TABLE L (CONTINUED)

Tort o om %y v S P
46 0. 1 -1 -1 10,26 219 20 119 5468
46 0 1 -1 =1 6423 133 230 11 50.0
46 0o 1 -1 -1 11.93 255 260 83  58.7
46 0 1 -1 -1 12437 264 300 165 5669
46 0 1 -1 -1 9,63 206 250 61 5309
46 0 1 -1 -1 10,21 218 390 63 5445
46 0 1 -1 -1 10,43 223 680 98 53,2
47 o 1 0 -1 1071 229 540 130 501
47 o 1 0 -1 11.81 252 10 150 5365
47 0o 1 0 -1 1167 249 260 156 532
47 o 1 0 -1 10,86 232 146 5206
47 o 1 0 -1 8018 175 120 77 51e3
47 0 1 0 -1 10.59 226 540 109 561
47 o 1 0 -1 7060 162 280 78 5266
48 o 1 1 -1 10,75 229 140 125 5345
48 o 1 1 -1 11422 240 100 120 5748
48 o1 1 -1 15012 323 460 158 5802
48 o 1 1 -1 10s26 219 60 131 5249
48 0 1 1. -1 8.57 183 280 92  48.3
8 o 1 1 -1 13.42 287 30 137 591
48 o 1 1 -1 11,77 251 210 138 55.1
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TABLE I (CONTINUED)

Tf,‘;?t' X} X5 X3 Xy Y, Yo Yz Yy YS
49 0 1 -1 0 132.95 298 147 5666
49 0 1 -1 0 12,80 273 - 130 73 5049
49 0 1 -1 o0 13,14 281 - 130 150 56.1
49 0 1 -1 o0 10428 219 + 490 78 53.6
49 ¢ 1 -1 0 10,12 216 - 670 61 5145
49 0 1 -1 © 8,01 171 - 740 73 52,1
49 0 1 -1 © 13,19 282 - 20 157 553
50 0 1 0 o 1184 253 =~ 70 141 54,9
50 6o 1 0 o0 729 156 - 140 47 5061
50 0 1 0 o 11,01 235 + 160 136 49.4
50 e 1 0o o 11486 253 + 80 111 55,9
50 0 1 ¢ o 12696 277 =~ 140 159 545
50 0 1 0 o 11,59 247 - 40 145 5146
50 6 1 0 o© 11,05 236. = 60 152 5005

51 o 1 1 0 13473 293 4 250 162 5047
51 o 1 1 o 10626 219 = 170 123  50.4
51 0o 1 1 o 12409 258 - 40 161 5340
51 0o 1 1 o 12452 267 - 20 151 5343
51 6o 1 1 o 12497 277 - 50 148  56.1
51 o 1 1 o 13448 288 + 120 174 53,8
51 0o 1 1 o 12470 271 + 220 134 5343
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TABLE I (CONTINUED)

P LETRR ¢ Y3 Y4 g
52 0 1 -1 1 10,35 221 + 110 150 473
52 °o 1. -1 1 10,86 232 - 70 127 532
52 o 1 -1 1 11,60 248 - 40 151 522
52 o 1 -1 1 9472 208 - 40 118  49.4
52 o 1 -1 1 11,15 238 + 100 145 5508
52 0o 1 -1 1 11,37 243 - 200 146 490
52 0o 1 -1 1 11486 253 - B0 157 49.4
53 o 1 o0 1 9440 201 - 150 56 536
55 o 1 0 1 11,07 236 =~ 40 118 5569
53 o 1 o0 1 11,68 249 + 100 152 5503
53 o 1 0 1 7.08 151 - 430 46 51.2
53 o 1 0 1 12451 267 + 170 163 4948
53 0 1 0 1 - 7.87 168 - 450 83 49,2
53 o 1 0o 1 9,06 193 - 470 75 5007
54 o 1 1 1 10,91 233  + 30 140  48e9
54 o 1 1 1 11.88 254 + 200 154 495
54 o 1 1 1 12,57 268 + 90 145 5544
5% o 1 1 1 12,26 262 + 180 158  53¢2
54 o 1 1 1 11,97 256 - 180 153 5546
54 o 1 1 1 1279 273+ 210 142 5240

54 0 1 1 1 13.19 282 + 100 136 5209



TABLE I (CONTINUED)

T;g?:, xl Xy Xg X, Yl : Yz Yz Ya ‘5{5
55 1 ~1 -1 =1 1778 247 30 169 5204
55 1 =1 -1 =1 19.31 268 400 155 58606
55 1 -1 -1 -1 19.18 266 290 170 51.8
55 1 -1 -1 -1 19.08 265 400 158 5304
55 1 =1 =1 -1 21,52 298 430 157 57.3
55 1 =1 =1 =] 18,32 254 20 156 5269
55 1 -1 =1 -1 20,35 282 570 155 5548
56 1 -1 0 =1 16094 235 250 42  S5leb
56 1 -1 0 -1 180,02 250 370 162 4862
56 1 -1 9 -1 18,38 255 269 164 5262
56 » -1 0 -1 16.42 228 90 155 5304
56 1 -1 0 -1 18024 253 90 175 5769
56 1 =1 0 =i 16092 235 50 124 5?@9
56 1 -1 0 -1 16466 231 20 153 5666
57 i -1 1 -1 16656 230 130 132 5669
57 1 -1 1 -1 19.75 274 220 160 5668
57 1 -2 1 -1 1908 264 116 165 55,3
51 T -1 1 -1 19654 271 40 178 5545
57 1 -i 1 -1 15075 218 60 160 5660
57 1 -1 I -} 14056 202 240 13& 3500
57 i -1 1 -1 15034 213 3210 77 5563
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TABLE I (CONTINUED)

T;Z?t’ X2 X3 04 Y1 Y2 Y3 Y4 Ys
58 “1 =1 0 19024 267 180 155 5206
58 -1 -1 0 18,06 250 140 116 5807
58 -1 -1 @0 18049 256 30 159 5608
58 -1 -1 0 17,82 247 135 59,0
58 -1 -1 0 19636 268 300 163 5502
58 -3 -1 0 16,03 222 140 140 53,7
58 -1 -1 0 19,08 265 260 175 517
59 -1 © o 19026 267 280 168 5400
59 -1 0 @ 18,28 253 200 176 5109
59 -1 0 0 18,00 269 20 156 5303
59 -1 0 o 18,70 259 80 173 5305
59 -1 o o 20.51 284 320 156 5704
59 -1 0 o 17.83 247 300 160 5608
59 -1 0 0 19,26 267 280 159 5704
60 -1 1 0 15,52 215 140 136 52,0
60 -1 1 0 18033 256 50 159 5601
60 -1 1 0 17,07 237 20 75 49.4
60 -1 'i 0 1776 246 40 177 5200
60 -1 1 o0 18,55 257 460 166 5004
60 -1 1 0 17.52 243 60 160 5303
60 -1 1 0 19.61 272 220 157 6000
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TABLE I (CONTINUED)

Treat.

Nou X Xy X3 X, Y1 . Yo Y3 4 Y5
61 1 -1 -1 1 18.26 253 400 156 5309
61 1 -1 -1 1 16068 231 80 135 5606
61 1 -1 -1 1 18417 252 190 145 5649
61 1 -1 -1 1 19,02 264 60 166 5645
61 1 -1 -1 1 19,06 264 120 160 5803
61 1 -1 -1 1 18,43 255 270 158 5205
61 1 -1 -1 1 1834 254 280 146 5606
62, 1 -1 0 1 17075 266 270 172 5001
62 1 -1 0 1 15062 217 40 149 5301
62 1 -1 0 1 1776 266 280 147 5609
62 1 -1 0 1 19024 267 260 169 5404
62 1 -1 0 1 17,08 237 30 169 539
62 1 -1 0 1 16033 226 180 140 S&el
62 1 -1 0 1 18435 254 176 4808
63 1 -1 1 1 18053 257 60 173 5540
63 1 -1 1 1 17.62 241 80 164 5003
63 1 -1 1 1 17069 245 20 132 596
63 1 -1 1 1 15.89 220 120 161 5004
63 1 <1 1 1 17,90 248 140 165 5869
63 1 -1 1 1 21024 294 350 169 5603
63 1 -1 1 1 17033 240 260 176 5268
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TABLE I (CONTINUED):

T§2?t' 1 X2 X3 X b6 Y2 Y3 Y4 Ys
64 1 0 -1 =1 16428 260 420 153 5448
64 1 0 -1 -1 16454 264 340 175  S5ke4
64 1 0 -1 -1 16435 . 261 80 169 5009
64 1 0 -1 =1 16483 269 330 158  57.3
64 1 0 -1 -1 16446 263 280 144 5469
64 1 0 -1 -1 14406 226 190 51 4943
64 1 0 -1 -1 15496 255 360 115 5649
65 1 0 0 -1 16425 259 310 164 5240
65 1 0 0 -1 17.66 282 300 161 5863
65 1 0 o0 -1 16463 266 350 171 5648
65 1 0 0 -1 16096 271 460 167 5643
65 1 0 0 -1 18443 294 320 177 48e8
65 1 0 0 -1 18468 298 300 159 5648
65 1 0 0 -1 17449 279 110 168 5666
66 1 0 1 -1 15.96 255 560 162 557
66 1 0 1 -1 12,03 192 270 97 513
66 1 0 1 -1 18024 291 500 159  Ske3
66 1 0 1 -1 15.83 253 100 162 5440
66 1 0 1 =1 16450 263 280 160 5244

66 1 0 1 -1 19.05 304 600 160 5749

0o 1 -1 15.56 248 140 150 5246

66 1
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TABLE I (CONTINUED)

Tt X X XX o Y Ys. Yy Y5
67 1 0 -1 o 14450 232 90 151 5306
67 1 0 =1 0 15,97 255 80 178 5369
61 1 0 -1 0 14050 232 60 136  52e1
67 1 0 -1 0 19.66 314 400 157 6062
67 i1 0 -1 0 1733 277 580 158 5362
67 1 0 -1 0 14483 237 140 5269
67 1 0 -1 © 16456 264 720 82 517
68 1 ¢ 0 o 14.97 239 60 170 5168
68 - 1 0 O .0 16,02 256 280 161 5203
68 1 0 0 o 13028 212 30 110 5504
58 i1 0 0 o 14437 229 40 152 5668
68 1 ¢ 0 0 17.93 286 40 106 53,8
68 1 0 0 © 16078 268 40 160 5660
68 1 0 0 o 19025 307 470 170 5562
69 1 0 1 o 1517 242 290 170 487
69 1 0 1 o0 16555 264 310 162 5608
69 ¥ 0 1 o© 15607 241 160 164 5501
69 1 0 1 @ 16489 270 380 176 5406
69 1 06 1 o 18031 292 280 150 4904
69 1 o 1 o 16076 268 + 590 168 5867
69 1 0 1 0 160246 259 181 5202

260
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TABLE I (CONTINUED)

Tﬁgft‘ P X X3oXx ¥y Y2 Y3 Yy Yg
70 1 0 -1 1 14066 234 140 134  5Be0
70 1 0 -1 1 16,93 270 280 156 5402
70 1 0 -1 1 17,00 272 198 5640
70 1 0 -1 1 17035 277 220 172, S54.7
70 1 0 -1 1 16055 264 200 161 5500
70 i 0 -1 1 18.67 298 240 121 57.5
70 1 0 -1 1 17.85 285 390 157 4908
71 1 0 0 1 15445 247 240 141 4506
71 1 0 0 1 1566 250 90 172 5208
71 1 0 6 1 15621 243 200 160 5407
71 1 0 0 1 16,83 269 70 174 4908
71 1 0 o0 1 16,50 263 40 26 53e2
71 1 0o ¢ 1 12,65 202 790 36 5540
71 1 0 o0 1 1557 249 20 148 5643
72 1 0 1 1 15453 248 120 132 5801
72 1 0 1 1 17.31 276 510 105 5663
72 1 0 1 1 16406 256 180 146 5448
72 1 o0 1 1 14033 229 80 158 5047
72 1 0o 1 1 15,70 251 60 132 = 5066
72 1 0 1 1 1453 232 60 148 5609
72 ¥ 0 1 1 17.77 284 260 166 5462

157



TABLE I (CONTINUED)

Treat.  x1 X X3 X4 LS ¥ Y3 Y4 o Yg
73 1 1 -1 -1 16014 292 340 171 534
73 1 1 -1 -1 14026 258 120 169 5160
73 i 1 -1 -1 13,55 245 137  58.1
73 1 1 -1 -1 15.99 289 420 348 5403
73 1 1 -1 -1 15,76 285 240 161 5501
73 1 1 -1 -1 15088 287 240 167 5507
73 1 1 -1 -1 14,99 271 280 168 5209
T4 1 1 0 -1 14,63 264 140 169 5303
74 1 1 0 -1 14029 258 760 138 5069
T4 1 1 0 -1 14046 261 140 178 5263
74 1 1 0 -1 13074 248 440 157 5205
T4 1 1 0 -1 13015 238 550 119 5964
14 1 1 0 -1 14,30 258 480 150 5302
T4 1 1 0 -1 14093 270 360 158 5840
75 1 1 1 =1 14499 271 150 169 5445
75 11 1 -1 16,15 292 520 173 5303
75 1 1 1 -1 16.87 305 260 164 5805
75 1 1 1 -1 12.95 234 240 92 527
75 1 1 1 -1 16448 298 400 143 5708
75 1 1 1 -1 1754 317 410 167 5767
75 1 1 1 -1 14,96 270 460 155 5108
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TABLE I (CONTINUED)

T;ga;\t. X; Xy X3 X4 Y1 Yo Y3 Y4 Ys
76 1 1 -1 o 14607 254 260 121 5607
76 1 1 -1 o 11443 207 10 82 5840
76 1 1 -1 o0 14062 264 120 150 5207
76 1 1 -1 o0 12023 221 120 142 5643
76 1 1 -1 o0 12,45 225 470 87 4760
76 1 1 -1 o 13445 243 80 67 49,5
76 1 1 -1 o 14.84 268 390 171 5400
77 1 1 o0 o 12.16 220 310 130 487
77 1 1 0 o 15034 277 160 9%  57.8
17 1 1 o0 o 15.60 282 320 168 5640
77 1 1 0 o 12,75 230 60 155 51,9
77 1 1 0 o 14.58 264 360 168 562
77 1 1 0 o 14064 265 220 132 53.2
77 1 1 o0 o 13.80 249 40 175 5404
78 1 1 1 o 1591 287 60 170 55.8
78 1 1 1 o 15454 281 470 152 5645
78 1 1 1 o0 17.48 316 500 160 56,1
78 1 1 1 o 16403 290 130 149 5465
78 1 1 1 o0 17426 312 560 153 . 60.2
78 1 1 1 o 12475 230 40 139 55,2
78 1 1 1 o 12.89 223 40 145 5806
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TABLE I (CONTINUED)

Treat,

No, 31 b ) Xz X4 ‘ Y1 Yz Y3 Y4 Y5
79 1 1 -1 1 11488 215 = 790 71 5244
79 1 1 -1 1 14e42 261 + 190 148 5641
79 1 1 -1 1 13488 251 . + 240 150 5347
79 1 1 -1 1 14456 263  + 40 155 5440
79 1 1 -1 1 16480 304 + 10 156 5442
79 1 1 -1 1 14468 265 + 180 151 5745
79 1 1 -1 1 14¢51 262 + 170 154 5247
80 1 1 0 1 12483 232 ~ 190 142 5440
80 1 1 0 1 15470 284 + 120 169 5445
80 1 1 0 1 12455 227 + 290 85 5440
80 1 1 0o 1 15,40 278 + 20 162 557
80 1 1 0 1 17,46 315 + 620 146 5Be4
80 1 1 0 1 14473 266 + 140 165 5540
80 1 1 0 1 15.23 275 + 250 162 5649
81 1 1 1 1 13,13 237 =~ 150 135 6046
81 1 1 1 1 10426 185 =~ 30 72 Shes
81 1 1 1 1 13,09 237 + 240 177 49,1
81 1 1 1 1 15,08 272 + 300 158 5647
81 1 1 1 1 14487 269 + 180 166 594
81 T 1 1 1 12459 227 = 60 148 5645

81 1 1 1 1 14445 261 - 60 156 51l.8




DATA FOR LOW EGG PRODUCING HENS

TABLE I1

Treat,
No., X} X, Xz X4 Y Yoy
1 -1 =1 =1 =1 12462 254
1 -1 =1 =1 =1 10467 215
2 -1 =1 0 =1 12451 252
2 -1 -1 0 =1 11470 235
3 -1 -1 1 =1 12454 253
3 -1 -1 1 -1 11.91 240
4 -1 -1 -1 0 13435 269
4 -1 -1 -1 0 11,72 . 236
5 -1 -1 0 0 9,28 187
5 -1 =1 0 o0 10412 204
6 -1 -1 1 o 1343 270
6 -1 -1 1 o© 11672 236
7 -1 -1 -1 1 11455 233
7 -1 -1 =1 1 11463 234
8 -1 =1 0 1} 11,78 237
8 -1 =1 0 1 11449 231
9. -1 -1 1 1 13429 268
9 «1 -1 1 1 1le44 230

i61
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TABLE II (CONTINUED)

Treat,

No. X X X3 X4 Yy Yy
10 =1 ¢ -1 -1 7470 177
10 -1 ¢ -1 -1 2039 216
11 -1 0 0 -1 11449 264
il -1 0 0 =i 10.15 233
12 -1 0 1 -1 9e12 210
12 -1 0 1 =i el 216
12 ~1 ¢ -1 ¢ 913 210
i3 -1 ¢ -1 0 10640 239
16 -1 0 0 0 7084 180 :
14 =1 0 0 o 8s42 194
15 -1 Y 1 0 8.27 190
15 -1 Q 1 0 11.50 265
16 =1 ¢ -1 1 8477 202
16 =1 0 -1 b 9428 2132
17 -1 0 Y 1 8+94 206
17 -1 0 Q 1 9630 214
18 -1 0 1 1 9649 218

18 -1 0 1 i 950 219



TABLE II (CONTINUED)

Treat, B
Nor B X Xpo X Y1 Yz
19 -1 1 -1 -1 6497 183
19 =1 1 =1 -1 8016 214
20 -1 1 0 -1 90s5 268
20 -1 1 0 =1 8506 212
21 -1 1 1 -1 6:76 178
21 -1 1 1 -1 7462 200
22 -1 1 -1 o0 6051 171
22 -1 1 -1 o0 8455 224
23 -1 1 0 o 7487 207
23 -1 1 0 o 6019 163
24 -1 1 1 0 6084 180
2 -1 1 1 0 5439 141
25 -1 1 -1 1 5,61 147
25 -1 1 -1 1 9086 259
26 -1 1 0 1 6082 179
26 -1 1 0 1 5,78 152
27 -1 1 1 1 5467 149
27 -1 1 1 1 6037 167
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TABLE II {CONTINUED)

Treat,

No, 1 X2 X3 04 LS Y2
28 0 ~1 =1 =1 16099 278
28 0 ~1 -1 =1 21,82 387
29 0 -1 0 -1 16023 266
29 0 -1 0 -1 106464 174
30 6 -1 1 =1 16,71 274
30 e -1 1 -1 14079 2642
31 0 -1 -1 0 16022 266
31 0 -1 -1 © 12672 208
32 0 ~1 0 0 15044 253
32 ¢ -1 0 o© 13015 215
33 6 ~1 1 0 18,78 307
33 6 -1 1 o0 13,21 216
34 0 -1 -1 1 14455 238
34 e -1 -1 1 16667 273
38 0 -1 0 1 14091 244
35 0 -1 0 1 17453 287
36 0 -1 1 1 12024 200
36 0 -1 1 1 15061 256
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TABLE II (CONTINUED)

Treat, X3 X3 X X Y Y

No, 3 4 ! 2
27 0 0 -1 =1 14664 276
27 o 0 <1 =2 10668 202
38 0 0 ¢ -1 15079 298
38 0 0 0 =1 12036 232
29 0 Y] 1 -3 14023 268
39 o) 0 1 -1 1507 284
40 0 0 =1 (4] 9085 186
61 o ¢ 0 o 16018 261
62 0 0 1 0 12076 241
42 o 0 1 0 14029 270
43 0 g -1 1 11,61 219
43 0 o =1 i 2.69 183
Lé 0 Q Q 1 1292 244
VA 6 0 6 1 11069 220
45 0 0 1 1 11.01 208
45 o] 9] 1 1 . 12653 236
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TABLE II (CONTINUED)

Treat, .

No, X] X2 X3 X4 Y, Y,
46 0 1 -1 -1 10484 232
46 0 1 -1 =1 7.82 167
47 0 1 0 =1 9497 213
47 0 1 0 =1 7065 163
48 0 1 1 =1 11613 238
48 0 1 1 =1 8098 192
49 0 1 =1 o0 12420 260
49 0 1 -1 o 9,08 194
50 06 1 0 o 9417 196
50 0o 1 0 o 1198 256
51 o 1 1 0 7094 170
51 0 1 1 0O 11,05 236
52 0o 1 -1 1 11.16 238
52 0 1 -1 1 9433 199
53 0o 1 0 1 9447 202
53 0o 1 0 1 7479 166
54 o 1 1 1 10,85 232
54 o 1 1 1 13023 283
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TABLE II: (CONTINUED)

Treat, X X X X Y

No. 1 2 N 1 Y2
55 1 -1 -1 =1 19077 274
55 1 -1 -1 =1 21,00 291
56 1 -1 0 -1 15450 215
56 1 -1 0 -1 1744 262
57 1 -1 1 -1 10,83 150
57 1 -1 1 -1 15417 210
58 1 -1 -1 0 18,73 260
58 1 -1 -1 0 17607 237
59 1 -1 0 o0 18411 251
59 1 -1 0 o0 20461 286
60 1 -« 1 o0 15,01 208
60 1 -1 1 o0 18461 258
61 1 =1 =1 1 19602 264
61 1 -1 =1 1 18,51 257
62 1 -1 0 1 18,90 262
62 1 -1 0 1 1709 237
63 1 -1 1 1 21461 300
63 1 -1 1 1 16625 225
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TABLE II (CONTINUED)

Treat.

No. X1 % *3 0% Y Y2
64 1 0 -1 =1 18054 296
64 1 0 -1 -1 16026 227
65 1 0 0 -1 15050 268
65 i1 6 0 =1 18011 289
66 T 0 1 -1 12479 2064
66 10 1 -1 15084 253
67 i1 0 -2 0 15007 262
67 i 0 =1 © 14048 231
68 1 o o o 14046 231
68 1 0 0 0 16035 261
69 1 0 1 ¢ 16067 266
69 1 0 1 © 17.18 274
70 1 0 -1 1 16048 231
70 1 ¢ -1 1 18,51 296
71 T 0 0 1 16005 256
71 1 0 0 1 15060 249
72 1 0 1 2 17650 279
72 1 0 1 1 16673 235
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TABLE II (CONTINUED)

Treat,

No. xl XZ x3 x4 Yl YZ
73 1 1 -1 =1 12,72 230
73 1 1 -1 -1 15057 282
74 1 1 0 -1 13623 239
74 1 1 0 =1 13¢52 264
75 1 1 1= 16462 300
75 1 1 1 =1 14655 263
76 1 1 -1 0 13094 252
76 1 1 -1 © 13497 253
17 1 1 0 o 1209 218
77 1 1 0 o 13,13 237
78 1 ¥ 1 0 12405 218
78 1 1 1 0 1097 198
79 1 1 -1 1 15,21 275
79 1 L -1 1 13.16 238

{
80 i 1 0o 1. 12063 228
80 1 1 0o 1 18675 339
81 1 1 1 1 12491 233

81 1 i 1 1 11le54 209
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TABLE III

DATA FOR HIGH EGG PRODUCING HENS

Treat,

No, x1 X, X3 X4 Yl Y2
1 -1 =1 -1 =i 12658 253
1 -1 =1 =1 =1 1163 234
2 -1 -1 0 =1 13448 271
2 -1 =1 0 =1 13070 276
3 -1 =1 1 =1 13083 278
3 -1 -1 1 -1 13483 278
4 -1 -1 =1 0 12,36 249
4 -1 -1 -1 0 15617 305
5 -1 -1 0 0 13435 269
5 -1 -1 0 0 12656 253
6 '~ =1 1 0 11491 240

6 -1 -1 1 o0 12670 256
7 -1 -1 -1 1 11,98 = 241
7 -1 -1 =1 1 11465 234
8 -1 =1 0 1 11,92 240
8 -1 -1 0 1 12433 248
9 -1 -1 1 1 12429 247

9 -1 =1 1 1 13.88 279



TABLE III (CONTINUED)

Treat.

No. 1 X2 *3o0xy Yy Y2
10 -1 0 -1 =3 16043 378
10 -1 0 -3 =} 13,33 307
11 -1 v g -1 11051 265
11 -1 0 0 -3 130,72 316
12 =] 0 1 -1 140,37 a3l
12 -1 0 1 =1 14029 329
13 -1 ¢ =1 0 1273 293
i3 -1 0 -1 0 992 228
14 =1 0 0 0 12062 313
14 -1 0 Q 0 12012 279
15 =1 0 1 0 1273 © 293
15 =1 0 1 0 13443 209
16 -1 0 =1 1 1159 267
16 -} ¢ =2 1 12003 277
A7 -1 (¢} 0 1 10,52 242

17 =1 0 Q 1 11082 272
18 =1 0 1 b3 11:.64 268
18 =31 ) 1 1 10,17 234
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TABLE III (CONTINUED)

Treat,

No, X X X3 Xy L5 Y,
19 -1 1 -1 -1 11.08 291
19 -1 1 -1 =} 7457 199
200 -1 1 0 -1 12490 339
20 -1 1 0 -1 Bo72 229
21 -1 1 1 =1 10,55 277
21 -1 1 1 -1 12.21 321
22 -1 1 -1 o 8034 219
22 -1 1 -1 o 9.98 262
23 -1 1 0 0 11,82 310
22 -1 1 0 o0 10, 29 270
26 -1 1 1 o 9074 256
24 -1 1 1 o0 9495 261
25 -1 1 -1 1 9445 248
25 -1 1 -1 1 9495 261
26 -1 1 o 8498 226
26 -1 1 0o 1 10,98 23§
27 -1 1 1 1 10,23 269
27 -1 1 1 10,16 266
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TABLE III {CONTINUED)

Treat,

No, Xz X3 X4 Yl YZ
28 -1 -1 =1 15025 250
28 -1 -1 -1 15065 256
29 -1 0 -1 1868 306
29 -1 0 -1 17078 291
30 -1 1 -1 17043 285
30 -1 1 -3 15-81 259
31 -1 -1 0 16483 276
31 -1 -1 ¢ 17030 282
32 -1 0 0 12,70 226
22 -1 0 o 16067 272
33 -1 1 0 16040 269
33 -1 1 o© 16038 268
34 -1 -1 1 15047 253
34 -1 -1 1 15,88 260
35 -1 0 1 14091 246
35 -1 0 1 15448 253
36 -1 1 1 15:65 256
36 -1 1 1 18,00 295
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TABLE III (CONTINUED)

Treat,

No. Xl Xz X3 X3 Y 1 Yz
37 0 0 -1 =1 10.91 206
37 0 0 -1 =1 17.01 321
38 0 0 o -1 15471 296
38 0 0 0 -1 12636 233
39 0 0 1 -1 13.62 257
39 0 0 1 -1 13,08 267
40 0 o -1 0 12.02 227
40 0 0 -1 0 15.68 296
41 0 0 0 0 13026 250
41 0 0 0 0 1393 263
42 o 0 1 0 12012 229
42 0 0 1 0 14,07 265
43 0 0 -1 1 13421 249
43 0 o -1 1 12449 236
44 0o -0 0 1 14077 278
ke Q0 0 0 1 15646 292
&5 40 Q : 1 15632 289

«hy§ =50 ] i a 14,31 270
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TABLE III (CONTINUED)

Treat,

No, xz Xz x4 Yl Yz
46 1 =1 =3 12058 269
46 1 -1 -1 12060 269
47 1 0 -1 12025 262
67 1 0 =1 12655 268
48 ) RS TR | 14099 320
48 1 1 =1 110364 242
49 1 =1 0 12,85 274
49 1 -1 o 14007 300
50 1 0 o 13003 278
50 1 0 o0 10, 89 233
51 1 1 0 12492 276
51 1 1 o 11432 262
52 1 -1 1 11,75 251
52 1 -1 1 11,02 235
53 i ¢ 1 1125 240
53 1 0 1 13.11 280
54 1 1 1 12012 259
54 1 1.1 13058 290

175



TABLE III (CONTINUED)

Treat,

No, X X X3 X Y3 Yy
55 1 =1 -1 =} 15657 216
55 1 -1 -1} -} 19069 273
56 1 -1 0 -1 1788 268
56 1 -3 0 -3 21580 302
57 1 -1 1 -1 19440 269
57 1 -1 1 -1 19465 272
58 1 -1 -1 0 18046 256
58 1 -1 -1 o 20, 33 282
59 1 -1 0 o0 19076 276
59 1 -1 o o 17459 264
60 1 -1 1 o 18419 252
60 1 -1 1 0 18,75 260
61 1 -1 -1 1 18022 253
61 S R 18453 257
&2 1 =1} 0o 1 18,01 250
62 t -1 0 1 17426 239
63 ¥ -1 1 1 19614 265
63 1 =i 1 17496 249
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TABLE III (CONTINUED)

Treat.

No. x1 xz XS X4 Yl Y2
64 1 0 -1 -1 16006 256
64 1 Q0 =1 =1 17612 273
65 1 0 0 -1 17081 2864
6% 3 V] ¢ -1 16.84 269
66 1 Q i -1 16049 263
66 1 0 1 -1 18.73 299
67 i 0 -} 0 14035 229
67 1 ¢ =1 4] 16040 262
68 1 0 v} 4] 15.85 253
68 4 1 0 0 0 1744 278
69 1 0 1 0 1432 229
69 1 0 1 0 16621 259
70 1 0 =1 1 16083 269
70 1 0 -] 1 1742 278
71 1 0 0 1 15,75 252
71 1 0 0 1 15,93 254
72 1 o0 1 1 15412 261
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TABLE III (CONTINUED)

Treat,

No, 1% X3 oX Y1 Yz
73 1 1 -1 =1 16672 302
73 1 1 -1 =1 14011 255
74 1 1 0 -1 15498 289
14 1 1 0 =1 14661 264
75 1 1 1 =1 13,85 250
75 1 1 1 -1 13.88 251
76 1 1 -1 0 15023 275
76 1 1 -1 o 14093 270
77 1 1 0 o 14076 267
77 1 1 0 0 13425 239
78 1 1 1 o 14445 261
78 1 1 1 o 1725 312
79 1 1 -1 1 16452 298
79 1 1 -1 1 15040 278
80 1 1 o0 1 15.98 289
80 1 1 o0 1 15485 286
&1 1 1 1 1 10, 64 192
8l r 1 1 1 13653 244
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